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Abstract 
This study interprets the stratigraphic evolution of the mid-Cretaceous Urgonian Carbonate Platform 
sensu lato exposed in the northwestern Subalpine Chains of southeast France within a framework of 
dynamic environmental and climatic changes including relative sea-level fluctuations. Macroscopic 
observations of stratal geometries, especially stratal packaging within the succession revealed by 
differential weathering patterns have been integrated with the petrographic examination of limestone 
samples to assist in the interpretation of the carbonate succession. Seven hundred and twenty-eight rock 
samples were examined under the microscope as either thin sections or acetate peels and twenty five 
component parameters were used to define sediment composition within the data set. New and emerging 
analytical techniques have been used to interpret these data rather than the more traditional static fixed 
facies belts. Sequence stratigraphic concepts have been used to interpret platform evolution within the 
context of relative sea-level changes. In order to define microfacies and identify underlying 
environmental gradients computer optimized Jaccard's similarity coefficients matrices have been 
calculated between samples and component parameters using two computer programs SedUtil and 
JaccMat run on an IBM compatible Pentium personal computer. Computer optimized Jaccard's 
similarity coefficients similarity matrices are able to model both gradational and abrupt chang11s in facies 
composition in response to palaeogeographic and stratigraphic controls. Computer optimized similarity 
matrices between limestone compositional parameters from a series of logs show differences in the 
spatial and temporal nature of variations in sediment composition in response to environmental changes 
across the platform. The contrasts between the configurations of optimized similarity matrices are 
interpreted as indicating a palaeogeography at the beginning of the Urgonian characterised by a more 
strongly subsident basin to the southeast of the field area connected to the topographically-higher, 
tectonically more stable parts of the platform by low-angle slopes; the basin was eliminated by the end of 
the Urgonian. In addition optimized similarity matrices calculated between samples have been used to 
assist in defining eight-eight conventional microfacies assemblages which are described and illustrated 
using photomicrographs and pie-diagrams of modal composition. Despite the apparently conformable 
nature of the succession as observed in individual exposures, changes in the stratigraphy of the Urgonian 
platform sensu lato as traced along two southwest-northeast transects constructed through the Aravis 
and Bargy Chains indicate the existence of a low-angle distally steepened ramp topography at the top of 
the Hauterivian basement that sloped into a more strongly subsident basin. The Urgonian succession is 
divided into two third-order depositional sequences termed Depositional Sequence I and 2. In 
Depositional Sequence 1 all three systems tract are developed whereas Depositional Sequence 2 only 
contains transgressive and highstand systems tracts. The lowstand systems tract of Depositional 
Sequence 1 preserved in the southwest of the Aravis and Bargy Subalpine Chains is volumetrically 
significant, being dominated by hemipelagic deposits that shallow laterally to intertidal deposits to the 
northeast and also contain calciturbidites and two spectacular megabreccia 
horizons. The two megabreccia horizons are interpreted as thin surficial collapse horizons formed by net 
extension on a very-low angle, previously kinematically stable slope, during fourth-fifth order relative 
sea-level falls. The lower sequence boundary of Depositional Sequence 1 passes laterally from being 
conformable in the southwest (deep-water basin) to being a major unconformity in the northeast ('inner' 
platform). However, this sequence boundary appears planar and concordantly bedded in the main and it 
is only in the northeastern Bargy Chain that it is observed as a erosional angular unconformity. The top 
of Depositional Sequence 1 is marked by the end of rudist lagoonal sediments and the deposition of 
beach facies which contain evidence of grain dissolution, overlain by Orbitolinidae foraminiferal rich 
horizons. By the top of Depositional Sequence 1 the low angle slope to the southwest had been totally 
subdued by sediment infilling and/or a decrease in the rate of differential subsidence. Depositional 
Sequence 1 was terminated by a comparatively minor relative sea-level fall followed by an immediate 
return to a major third-order relative sea-level rise and the basal transgressive deposits of Depositional 2. 
Depositional Sequence 2 re-establishes rudist sediment lagoonal deposition on the platform. It is often 
difficult to differentiate the transgressive and highstand systems tracts from one another in Depositional 
Sequence 2 and the boundary may be transitional. The upper sequence boundary of Depositional 
Sequence 2 is marked by a subaerial karst overlain by phosphatic greensands interpreted as reflecting a 
major relative sea-level fall and subsequent reflooding. Factors unique to carbonate depositional systems 
and their implications for the use of 'traditional' sequence stratigraphic models for carbonates are also 
discussed. 
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Chapter 1 
Introduction and Thesis Outline 
Introduction 
In recent years there has been a growing appreciation of the high frequency nature of 
dynamic environmental and climatic changes in the geological past and the controls these 
exerted on the evolution of individual carbonate platforms throughout their depositional 
histories. The aims of this study are to describe and interpret the stratigraphic evolution 
of the Urgonian Platform sensu lato preserved in outcrop in the modem-day 
northwestern Subalpine Chains of southeast France within the context of dynamic 
climatic and environmental changes includiilg fluctuations in relative sea-level. 
Macroscopic observations of stratal geometries, especially stratal packaging within the 
succession revealed by differential weathering patterns have been integrated with the 
petrographic study of limestone samples to assist in the interpretation of the carbonate 
succession. Thus the specific aims of this thesis are: 
1. To consider the role of environmental factors including relative sea-level changes 
on carbonate platform architecture and facies distribution. 
2. To use new methods of microfacies analysis to deduce patterns of microfacies 
change. 
3. To consider the processes of deposition of megabreccias preserved in the Urgonian 
and their sequence stratigraphic context. 
4. To study and interpret the palaeogeographic and stratigraphic evolution of the 
Urgonian Carbonate Platform of the northwestern Subalpine Chains of southeast France. 
Many researchers have worked on the Urgonian Platform sensu lato exposed in the 
Jura and southern Subalpine Chains of the Vercors and Chartreuse. By way of contrast 
the northwestern Subalpine Chains have tended to be neglected. This could be due to the 
mainly uniformly planar, angularly concordant and apparently conformably bedded nature 
of the succession in that part of the platform. This study focuses on the Urgonian 
Platform sensu lato exposed in the Aravis and Bargy mountains of the northwestern 
Subalpine Chains and in the Borne. 
Despite the large amount of research that has been undertaken on the Urgonian 
succession in the Jura, Vercors and Chartreuse no clear consensus about the platforms 
stratigraphic evolution has emerged. The Urgonian Platform sensu lato in these regions 
has variously been described as a rimmed shelf (Arnaud-Vanneau et al. 1987), open shelf 
(Hunt and Tucker 1993) or ramp (McDonough et al. 1992) either reflecting progradation 
during a continuous period of unbroken sedimentation (Clavel et al. 1986, Clavel et al. 
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1994a, Clavel et al. 1994b) or alternatively as being emplaced by aggradation punctuated 
by depositional breaks that can be correlated to episodes of subaerial exposure during 
cycles of relative sea-level change (Arnaud and Arnaud Vanneau 1989) (Chapter 3). 
Disagreements about the nature of the stratigraphic evolution of the Urgonian 
Platform sensu lato partially reflect the limitations of existing carbonate models and 
methods of defining and describing palaeogeographic and stratigraphic variations in 
microfacies. Traditional, standard facies models characterised by static fixed 
compositional facies belts assigned to particular geomorphic positions within the 
platform do not adequately model potential temporal and spatial shifts in facies spatially 
within the platform and modifications in carbonate allochem production caused by 
fluctuations in relative sea-level and other environmental and climatic changes during 
deposition. Furthermore, changes in the nature of carbonate sediment composition 
caused by dynamic environmental changes may be characterised by abrupt step-like 
changes in facies (as envisaged by traditional standard facies belts), and/or as gradual 
transitional changes in composition as part of an unbroken temporal or spatial 
continuum. In order to describe and interpret ancient depositional systems within a 
framework of dynamic environmental changes requires the integration of both 
continuous gradational and abrupt stepped changes in sedimentary character within the 
context of the overall stratal architecture of the platform (Chapter 4). This has involved 
the use of new and developing analytical techniques. 
Sequence stratigraphic principles (Chapter 2) have been used to interpret platform 
evolution within a framework of dynamic relative sea-level changes. Computer optimized 
Jaccard's similarity coefficient matrices (Chapter 4) have been used to analyse 
petrographically determined carbonate sediment compositional data to assist in defining 
conventional microfacies assemblages and in identifying palaeogeographic and spatial 
depositional gradients that reflect underlying environmental and climatic controls 
(Chapter 5). Computer optimized similarity matrices analysis allows both abrupt and 
gradational changes in facies composition to be detected. This novel analytical technique 
takes advantage of recent improvements in microcomputer technology that allows rapid 
calculations and optimizations of Jaccard's similarity coefficients. Previously 'manual' 
calculation and optimization of Jaccard's similarity coefficients for large data sets were so 
prohibitively time-consuming as to make this method of analysis impractical. Using these 
techniques the Urgonian Platform succession sensu lato investigated in this study has 
been interpreted as having been influenced by the complex interactions between relative 
sea-level changes, differential tectonic subsidence and the inherited topography at the top 
of the Hauterivian deposits (Chapter 6). 
Particular emphasis is also given to the description and interpretation of two laterally 
continuous megabreccia horizons in the lower part of the platform exposed in the 
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southemwestem part of the Aravis Mountain Chain. These horizons are interpreted as 
representing two separate surficial slide horizons reflecting catastrophic platform 
collapse on a very low angle of slope ( < 1 °) (Chapter 6). The interpretation of these 
distinctive-deposits are placed in a wider environmental and sequence stratigraphic 
context (Chapter 7). 
The implications of the high sensitivity of carbonate depositional systems to 
environmental factors other than relative sea-level fluctuations, including their unique 
ability to accumulate sediment in situ in the 'carbonate factory' causing platform growth 
by aggradation, or to transfer sediment to the foreslope causing the platform to expand 
by progradation, for their interpretation using 'traditional' sequence stratigraphic models 
are discussed (Chapter 8) 
Chapter 2 
This chapter introduces sequence stratigraphic concepts and briefly examines the 
controversy surrounding whether or not third-order relative sea-level changes can be 
regarded as being eustatic and the implications this has for the use of sequence 
boundaries for global interbasinal stratigraphic correlations. Differences in the response 
of carbonate sedimentary systems in comparison to siliciclastic systems to relative sea-
level changes and other environmental and climatic controls resulting from the high 
environmental sensitivity of the submarine carbonate factory are highlighted. The 
sequence stratigraphy approach and the generic use of sequence stratigraphic 
terminology adopted in this study of the Urgonian Platform are outlined. 
Chapter3 
This chapter reviews the existing stratigraphic models, sedimentology, facies 
assemblages, palaeogeography and tectonic evolution of the mid-Cretaceous Urgonian 
carbonate platform sensu lato preserved and exposed in the modem day northwestern 
Subalpine Mountain Chains and Jura of S.E. France. Particular emphasis is given to the 
unresolved controversy surrounding the stratigraphic evolution of the platform based on 
disagreements about palaeontological dates of the succession and conflicting 
interpretation of Urgonian Platform margin stratal geometries using traditional sequence 
stratigraphic theory. 
The two principle models for platform evolution are examined in this chapter. 
The stratigraphic model proposed by a group of researchers principally working in the 
Vercors and Jura based at Lyon and Grenoble Universities, collectively referred to as the 
"Grenoble School", interprets the succession as traced from the comparatively 
tectonically stable Jura-Bas platform to the more strongly subsident Dauphinois Basin 
using sequence stratigraphic concepts to identify depositional breaks in the succession 
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formed by relative sea-level fluctuations. The "Grenoble School's" model interprets a 
major temporal gap at the base of the Urgonian Platform sensu lata in the Jura, identified 
using palaeontological dates of benthic foraminifera, as reflecting a period of low relative 
sea-level that subaerially exposed the Jura-Bas platform. whilst deposition continued in 
the still submerged Dauphinais basin (Arnaud-V anneau and Arnaud 1990). During a 
subsequent relative sea-level rise the Jura-Bas platform was reflooded and then Urgonian 
Platform sensu lata emplaced by aggradation. During platform emplacement further 
fluctuations in relative sea-level are deduced and used to differentiate further depositional 
sequences. 
An alternative model proposed by a group of researchers also principally working in 
the Vercors and Jura and based at Geneva University, referred to as the "Geneva 
School", follows a more traditional interpretation of the succession characterised by 
continuous uninterrupted sedimentation with the platform being emplacement by gradual 
progradation from the Jura-Bas into the Dauphinais basin (Clavel et al 1986, Clavel et al. 
1994a, and Clave} et al. 1994b). This interpretation is based on their different 
stratigraphic chronology defined using the palaeontological dates of echinoids and 
ammonites. 
Chapter4. 
This section critically assesses the methods for microfacies analysis and outlines the 
approach and methods employed in this study for the microfacies analysis of the 
Urgonian Platform sensu lata. The use of three-point diagrams to defme individual facies 
assemblages and their interpretation using traditional standard facies models 
characterised by static fixed compositional facies belts assigned to particular geomorphic 
positions within the platform do not adequately model potential temporal shifts in facies 
within the platform and modifications in carbonate allochem production caused by 
fluctuations in sea-level and other environmental changes. Changes in microfacies may 
occur as part of a gradational temporal and/or spatial continuum instead of occurring in 
abrupt discreet steps in response to changing environmental and climatic factors. In 
order to detect, describe and interpret the nature of changes in microfacies in response to 
dynamic changes in environmental and climatic controls computer optimized Jaccard's 
similarity coefficient matrices have been used to analyse petrographically-derived 
compositional data from limestone samples using two computer programs Sedutil and 
Jaccmat (Hennebert and Lees 1985, 1991) run on an IBM compatible Pentium personnel 
computer. Unlike three point diagrams computer optimised similarity matrices analysis 
makes no presumptions about the nature of the data set being analysed. The nature of 
arrangement of the data as either a continuous gradational shift in composition and/or 
occurring as abrupt discreet step-like changes in composition is judged purely on the 
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optimization achieved. Computer optimized Jaccard's similarity coefficients are used in 
this study to compare individual samples and identify underlying environmental gradients 
between component parameters. Computer optimized Jaccard's similarity coefficients 
analysis of data from the Urgonian Platform have identified both abrupt and gradational 
shifts in sediment composition at different palaeogeographic and stratigraphic locations 
reflecting underlying dynamic environmental changes or gradients. The technique, theory 
and criteria for the interpretation of computer optimized Jaccard's similarity coefficients 
between samples and limestone components are described in this chapter. 
Computer optimised Jaccard's similarity coefficient matrices allow the holistic 
presentation and interpretation of continuous systematic changes in sediment 
composition in response to gradual and continuous environmental changes based on all 
the parameters included in the data set, rather than breaking up such compositional shifts 
into arbitrary facies assemblages representing spatial 'snap shots' or temporal 'pin points' 
that only record a static instant within a dynamic spatial and temporal continuum. By 
allowing continuous gradational changes in sediment composition to be presented and 
characterised in a relatively comprehensible way perhaps for the first time, computer 
optimized similarity matrices might be described as the equivalent of 'sedimentary 
calculus'. 
The criteria for the identification of individual grain-types as they appear in thin 
sections and acetate peels of samples used to define the 25 allochem 'classes' analysed 
using computer optimized Jaccard's coefficient similarity matrices are presented in this 
chapter. 
ChapterS 
This chapter seeks to identify, describe and interpret the environmental significances 
of microfacies assemblages and changes in sediment composition that characterise the 
Urgonian Platform sensu lata of the northern Subalpine Chains of southeast France. 
In order to overcome the limitations of the traditional microfacies descriptive 
approach, discussed in the previous chapter, computer optimized similarity matrices 
between limestone compositional parameters are presented from a series of logs to show 
differences in the spatial and temporal nature of variations in sediment composition in 
response to environmental changes across the platform. These optimized similarity 
matrices have been used to compare and contrast differences in palaeogeographic and 
stratigraphic depositional gradients to assist in the interpretation of platform evolution 
within a framework of dynamic relative sea-level fluctuations and environmental changes. 
In this way the succession is interpreted as representing a more strongly subsident basin 
to the southeast of the field area bounded by low angle slopes (ramps) to topographically 
higher more stable areas of the platform to the north and west. Deposition is interpreted 
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as having continued in the more strongly subsident basin during a period of low relative 
sea-level that subaerially exposed the topographically higher parts of the platform. 
Subsequent net rise in relative sea-level is recorded by shallow-water depositional 
gradients detected immediately above the deep-water Hauterivian deposits in the 
topographically higher tectonically more stable parts of the platform. 
Computer optimized similarity matrices between components presented in this chapter 
are also used, in conjunction with optimized similarity matrices between samples, to 
assist in defining eighty-eight conventional microfacies and subfacies assemblages which 
are described and illustrated using photomicrographs and pie-diagrams of modal 
composition. 
Chapter6 
This section describes and interprets the stratigraphic succession of the Cretaceous 
Urgonian carbonate platform sensu lata exposed in the N.W. Subalpine Chains of S.E. 
France and proposes sequence stratigraphic models for its evolution. The platform 
succession is described in a series of northwest-southeast cross-sections exposed in the 
cliff walls of combes that cross the Subalpine Mountain Chains at regular intervals as 
they are traced progressively from the southwest to the northeast. Two northeast-
southwest transects are constructed through the platform along the Aravis and Bargy 
Mountains Chains respectively, that trace subtle palaeogeographic changes in the 
succession between this series of cross-sectional exposures. 
Field observations including patterns of stratal sedimentary packaging revealed by 
differential weathering, microfacies analysis and computer optimized similarity matrices 
are integrated to interpret the apparently planar bedded angularly concordant and 
seemingly conformable Urgonian succession sensu lata within a sequence stratigraphic 
framework of fluctuating relative sea-level. In this way the Urgonian Platform sensu lato 
has been differentiated into two third-order depositional sequences and their respective 
systems tracts reflecting a complex history of relative sea-level changes, differential 
palaeogeographic subsidence and an irregular inherited topography at the top of the 
Hauterivian deposits. 
Two separate megabreccia horizons which are palaeogeographically confined to the 
lower part of the Urgonian Platform sensu lata exposed in the present day southwestern 
Aravis Chain and stratigraphically separated from one another by strata indicating 
otherwise gravitationally stable depositional environments are described and interpreted 
as catastrophic surficial catastrophic horizons formed by net extension on very low-angle 
( <1 °) previously kinematically stable angles of slope during separate periods of fourth-
fifth order relative sea-level falls. 
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Chapter7 
This section interprets the wider significance of the low-angle megabreccia horizons 
described in the Aravis Chain relative to existing documented examples of such deposits, 
and assesses the environmental significance of these distinctive rock-types within a 
sequence stratigraphic context. 
Megabreccias have traditionally been interpreted as indicating the existence of high 
angle metastable slopes even when such slopes are not themselves preserved. The Aravis 
megabreccia horizons are outcrop examples of catastrophic platform collapse debris 
produced by net extension during surficial sliding that occurred on very low angles ( <1 °) 
previously gravitationally stable angles of slope during periods of relative sea-level falls 
and which were followed by an immediate return stratigraphically to gravitational stable 
sediment accumulation. For the Aravis megabreccia horizons slope angle does not appear 
to have been a critical factor in instigating gravitational instability and this implies that 
megabreccias in general may form on even exceedingly low angles of slope of less than 
one degree. The Aravis megabreccia horizons therefore necessitate a re-assessment of 
the environmental significance and interpretation of these types of collapse deposits. 
Alternative controls for megabreccia formation are discussed that are independent of 
slope angle. These mechanisms operate by decreasing sediment shear strength to a level 
beneath the existing bedding parallel sediment shear stress generated by the resolved 
down slope weight vector of the sedimentary pile, caused by increasing pore-water 
pressure (generating 'overpressure') at discreet horizons beneath the sea-floor that trigger 
gravitational instability. Mechanisms for generating relative pore water overpressure 
beneath the sea-floor are identified and trends in increased propensity for these 
mechanisms to have operated during different phases of the relative sea-level cycle 
discussed. The stratigraphic occurrence of megabreccia deposits are also examined by 
reviewing documented megabreccia deposits and identifying trends in their correlation to 
the stance of relative sea-level. In this way the stratigraphic occurrence of megabreccia 
deposits are placed within a sequence stratigraphic context. A tentative trend of 
increased propensity for megabreccias to form during relative sea-level falls is identified. 
However, this endogenic pattern of megabreccia occurrence stratigraphically may be 
substantially modified by exogenic trigger mechanisms, especially seismicity, that may 
operate out of phase with relative sea-level changes. 
Chapter 8 
This chapter examines the mechanisms that cause carbonate platforms to prograde, as 
recorded in the stratigraphic record by platform to basin clinoforms, rather than for 
sediment to accumulate in situ on the platform-top causing the platform to aggrade, and 
the implications of such mechanisms on the interpretation of key stratal surfaces (e.g. 
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flooding surfaces and subaerial exposure surfaces) and stratal geometries used in 
sequence stratigraphic models. 
Active mechanisms such as storms and tidal and marine-currents are favoured as the 
means by which sediment is transferred from the carbonate factory on the platform-top 
to the foreslope during progradation. During aggradation such sediment transfer 
mechanisms are negligible with sediment accumulating dominantly in situ. Periods 
characterised by in situ sediment accumulation when active sediment disbursal 
mechanisms did not operate are described as passive in this chapter. Changes in stratal 
geometries in carbonate depositional systems may therefore be heavily influenced by 
environmental and climatic factors in addition to the control relative sea-level changes 
exert on accommodation space. In this way environmental changes may mimic stratal 
geometries previously attributed solely to 'relative' sea-level changes. Environmentally 
and climatically driven temporal and spatial alternations between active and passive 
sediment distribution regimes may occur out of phase with 'relative' sea-level (using the 
Posarnentier et al. (1988) definition of relative sea-level) and therefore alternately 
compete with each other as the dominant control on stratal architecture. Changes in 
apparent sedimentation rates on the platform-top caused by temporal and spatial 
alternations between the end-members of progradation and aggradation and their effect 
on 'apparent' sea-level changes (which includes marine-shallowing caused by sediment 
infilling accommodation space and therefore analogous to water-depth) will strongly 
influence the ability of the platform-top to record key stratal surfaces such as flooding 
surfaces (used in genetic sequence stratigraphy) and subaerial exposure surfaces (as used 
in 'traditional' sequence stratigraphy). 
The ability of temporal and spatial shifts between active and passive carbonate 
depositional regimes to mimic stratal geometries previously thought diagnostic of relative 
sea-level changes, to effecting the distribution and recording of key stratal surfaces, and 
modify facies composition are highlighted and discussed in this chapter. 
Chapter9 
This section lists the principle conclusions of the thesis by chapter. 
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Chapter 2 
Sequence Stratigraphic Concepts and 
Controversies 
Introduction 2.1 
Sequence stratigraphic models are widely and routinely used in the interpretations of 
sedimentary basin successions from seismic reflection profiles, boreholes cores and 
outcrop data. However, sequence stratigraphy is still a relatively new branch of 
stratigraphy and existing sequence stratigraphic models cannot be regarded as final 
definitive templates for future interpretations but will continue to evolve in tandem with 
our growing understanding of the influence dynamic environmental and climatic 
changes had on the stratigraphic record. Several well documented areas of unresolved 
and ongoing controversy remain about aspects of sequence stratigraphic theory in 
general and its application to carbonate systems in particular. One of the main 
controversies in sequence stratigraphy is whether or not relative sea-level change can be 
regar<Wd as being eustatic which would allow global correlations to be made between 
different sedimentary basins. 
Sequence stratigraphic models were originally developed from the study of 
siliciclastic systems (e.g. Vail et al. 1987, Posamentier and Vail 1988, Van Wagoner et 
al. 1990) but they have been applied to carbonate depositional systems with only minor 
modifications (e.g. Vail 1987, Sarg 1988, Jacquin et al. 1991). This has led to 
criticisms of early carbonate sequence stratigraphic models for their failure to take into 
account sufficiently the differences in physio~~ and environmental sensitivity of 
carbonate systems compared to siliciclastic depositional systems (e.g. Aubert and Vail 
1991, Bosence and Pomar 1992, Everts 1991, Everts et al. 1992, Mullins 1983, Schlager 
1991, 1992a,b, Tucker 1991a). 
This chapter confines itself to briefly introducing the fundamental concepts of 
sequence stratigraphy theory and examines the current state of the debate about the use 
of sequence stratigraphic models particularly in the interpretation of carbonate 
depositional systems. No attempt is made in this chapter to give an exhaustive 
description of sequence stratigraphic models or catalogue the extensive terminology of 
sequence stratigraphy which are thoroughly documented elsewhere (e.g. Vail 1987, Van 
Wagoner et al. 1990). 
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2.2 Sequence Stratigraphic Concepts 
Sequence stratigraphy evolved from the recognition of seismic scale repetitive units 
which contained characteristic internal geometries (papers in Payton et al. 1977). 
Sequence stratigraphy is the study of genetically related facies within a framework of 
chronostratigraphicl_1~ignificant surfaces. Sequence stratigraphy divides the stratigraphic 
succession into a hierarchical series of genetically related unconformity bounded stratal 
units defined by surfaces of erosion or non-deposition, which may span the whole range 
of stratal unit thicknesses from millimetres (lamina) to kilometres (megasequences), and 
are interpreted as having formed in response to changes in shelfal accommodation space 
recording fluctuations in eustatic relative sea-level (Vail et al. 1977, Vail 1991). 
Sequence stratigraphic models depict the conceptual stratigraphic development of a 
sedimentary shelf through a cycle of relative sea-level change (e.g. Vail et al. 1977, 
Posamentier and Vail1988, Van Wagoner et al 1990). 
The fundamental unit of sequence stratigraphy is the sedimentary sequence which is 
interpreted as forming in response to a eustatic third-order (0.5-5 Ma duration) relative 
sea-level cycle superimposed on an underlying first to second-order tectonic cycle of 
basinal subsidence (Fig. 2.1). A sequence is defined as a "relatively conformable 
succession of genetically-related strata bounded by unconformities or their correlative 
conformities" (Mitchum 1977). Parasequences and parasequence sets are the basic 
building blocks of sedimentary sequences. Parasequences are defined as a "genetically-
related succession of beds or bed sets bounded by marine flooding surfaces or their 
correlative conformities" (Van Wagoner 1985) and are interpreted as forming in 
response to fifth to sixth-order relative sea-level fluctuations (0.01-0.5 Ma duration) 
(Vail 1991). 
Characteristically, sedimentation through a third-order relative sea-level cycle 
deposits three distinct stratal packages termed systems tracts which represent relative 
lowstand of sea-level, changing to a rapid transgressive sea-level rise, that peaks in a 
highstand of relative sea-level. These stratal packages are termed the lowstand, 
transgressive and highstand systems tract respectively. Systems tracts are characterised 
by their position within the sequence and by the stacking patterns of parasequence sets 
and parasequences bounded by flooding surfaces (Brown 1969, Brown and Fischer 
1977, Vail et al. 1977, Vail et al. 1987) (Fig. 2.2). 
Two types of boundaries may separate individual sequences called type-] and type-2 
sequence boundaries respectively. A sequence boundary passes from a subaerial 
unconformity on the shelf to a correlative conformity as traced basin wards. For a type-] 
sequence boundary the unconformity is developed in both the subaerial and submarine 
environments. For a type-2 sequence boundary the unconformity is only developed 
subaerially upon the shelf and does not extend into the deeper marine environment. A 
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type-] sequence boundary is interpreted as forming when the rate of basinward 
subsidence at the depositional-shoreline break (also called the off-lap break and/or the 
shelf edge) produces a relative sea-level fall at that point (e.g. Vail and Todd 1981, Vail 
et al. 1984). The off-lap break is generally taken to occur at a depth close to fair-weather 
wave base. A type-2 sequence boundary is interpreted as forming when the rate of 
,h;.l\ 
eustatic sea-level(is less than the rate of basin subsidence at the depositional-shoreline 
break (off-lap break), so that there is in effect no relative sea-level fall at this shoreline 
position. Sequences take their name after the type of sequence boundaries that delineate 
them. A type-] sequence is bounded at its base by a type-] sequence boundary and at its 
top by a type-] or type-2 boundary. A type-2 sequence is boundary is bounded at its 
base by a type-2 sequence boundary and at its top by a type-] or type-2 sequence 
boundary. 
Sequences and sequence boundaries are interpreted as forming in response to the 
interaction of changes in eustasy and subsidence, with eustasy having the dominant 
control on sediment stacking patterns and the temporal occurrence of unconformities 
(Vail 1977, Vail 1990). The stratigrahic distribution of sequence boundaries has been 
used to construct global sea-level charts (e.g. Vail et al. 1977, Haq et al. 1987, 1988) 
often referred to as the "Exxon", "Vail" or "Haq chart" after members of the research 
team working for Exxon Production and Research that were responsible for the original 
development of sequence stratigraphy. Sequence stratigraphy therefore appears to hold 
out the possibility of a universal global stratigraphy, based on the temporal spacing of 
unconformities, with the capacity for correlating the sedimentary signatures of 
synchronous changes in palaeo-sea-level of sedimentary basin deposits. 
A proposed modification to sequence stratigraphic models was to use 'maximum 
flooding surfaces' formed during maximum transgression marked by depositional 
hiatuses and condensed sections as sequence boundaries instead of using unconformities 
formed by subaerial exposure surfaces to define sequence boundaries as described above 
(Galloway 1988a). However, the use of maximum flooding surfaces to define so called 
'genetic stratigraphic sequences' has not been widely adopted to date. 
2.3 Controversies in Sequence Stratigraphy 
2.3.1 Eustatic vs other controls on relative sea-level 
Many authors have cast doubt on the eustatic nature of third-order relative sea-level 
changes (e.g. Carter et al. 1991, Ferry 1992, Hallam 1984, 1988, Hubbard 1988, 
Johnson 1984, Newman et al. 1980, Miall 1991, 1992, Williams 1988). The proposed 
mechanism in the sequence stratigraphy paradigm for sea-level fluctuation being glacio-
eustatic in origin (Vail 1991) is unable to account for third-order relative sea-level 
fluctuations during the early Tertiary and Mesozoic when global temperatures were 
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1987). 
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relatively high and no continental plates were located at the poles so the Earth was 
probably ice free (Barron 1983, Frakes 1979, Francis and Frakes 1993). 
Other mechanisms to explain third-order relative sea-level changes which are not 
eustatic have been proposed. These include: (a) Changes in basin volume caused by 
intraplate stress (Cloetingh et al. 1985, 1986, 1988a,b, Cloetingh and Kooi 1990, Kamer 
1986). (b) Changes in the geoidal pattern -the distribution of highs and lows in the 
ambient geoid (including the sea-surface)- caused by variations in the Earth's 
gravitational field resulting from the Earth's 'pear' shape, differences in its density and 
changes in its rotational velocity and axis (King-Hele 1967, 1975, Jensen 1972, Morner 
1976, 1980). For example in the modern day a 'topographic' depression in sea-level of-
112 metres occurs south of India, whereas a 'topographic' high of +78 metres occurs 
near New Guinea as measured relative to the mean geodetic sea-level (King-Hele 1975). 
The Earth's geoid has continually deformed through time (Newman et al. 1980). 
It has also been proposed by various authors that regional tectonic faulting and 
diapiric movements were at times the dominant control on relative sea-level changes 
and stratal packaging in sedimentary basins rather than eustatic sea-level fluctuations 
e.g. Jurassic North Sea Basin (Hallam 1984), Northumbrian Basin of Northeast England 
(Johnson 1984), Jurassic-early Cretaceous Santos Basin in the South Atlantic (Hubbard 
1988), Grand Banks Basin in the North Atlantic (Hubbard 1988), and the Beaufort Sea 
Basin in the Arctic Ocean (Hubbard 1988). 
In the face of the strong evidence against relative sea-level fluctuations being eustatic 
in nature some proponents of a eustatic control on the occurrence of sequence 
boundaries point to the apparently successful correlations between disparate 
sedimentary basins around the globe of such surfaces as corroborative proof of the 
eustatic component of the sequence stratigraphic paradigm (e.g. Vail et al. 1984, Vail 
and Hardenbol 1979, Haq et al. 1987, 1988, Baum and Vail 1988, Bartek et al. 1990, 
Garcia-Mondejar 1990, Jacquin et al. 1991). However, these apparently successful 
correlations have been disputed by others. 
A feature of the Exxon chart is the implied precise dating and temporally tight 
spacing of sequence boundaries relative to one another. No error bars are plotted on the 
Exxon charts and it has been suggested that the spacing of sequence boundaries in 
relation to one another is closer than the potential error involved in dating them due to 
the limitations in the accuracy of present biostratigraphic and radiometric dating 
techniques (Carter et al. 1991, Miall 1991). Furthermore, given the large number of 
sequence boundaries and their tight spacing on the Exxon chart the chances of finding a 
correlation by chance are high. This was illustrated by Miall ( 1992) who compared 
artificial sedimentary logs generated using random numbers to the Exxon chart and 
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found that 77% of the randomly generated sequence boundaries could be correlated to 
the Exxon chart within plus or minus 1 million years. 
There are also many studies that highlight significant local disagreements in dating 
sequence boundaries in relation to the Exxon chart e.g. early Cretaceous Santos Bay 
Basin, South Atlantic, Jurassic-early Cretaceous Grand Bank Basin of Newfoundland, 
Jurassic-early Cretaceous Beaufort Sea, Arctic circle of Canada (Hubbard 1988), 
Neogene Canterbury Basin, South Atlantic shelf of New Zealand (Carteret al. 1991), 
the Jurassic North Sea Basin (Hallam 1988). 
2.3.2 Summary 
Many researchers, but certainly by no means all, now accept that sequence boundaries 
produced by relative sea-level fluctuations cannot be interpreted purely as recording 
eustatic sea-level fluctuations but are instead the product of undifferentiated poly genetic 
signatures that include regional basinal tectonics, changes in the rate of sediment 
supply, geodesy, glacio- and tectoni co-eustasy. This limits the use of sequence 
stratigraphic models as a tool for inter-basin global stratigraphic correlations. However, 
the recognition of sequences, systems tracts and the use of stratal geometries for the 
interpretation of sedimentary successions within individual sedimentary basins within a 
framework of dynamic environmental changes that include fluctuations in sea-level 
remains a useful tool. Within this context "relative" or "apparent" sea-level changes as 
referred to in the following chapters of this thesis do not indicate eustatic relative sea-
level changes as originally defined by Posamentier et al. (1988) when referring to 
relative sea-level changes, but describe any change in sea-level regardless of its genetic 
cause. Similarly sequence boundaries are not differentiated into type-] and type-2 
sequence boundaries thus avoiding the genetic connotations these term imply, but are 
referred to simply as sequence boundaries. This generic approach to sequence 
stratigraphy is now widely accepted (pers. comm. Maurice Tucker). 
2.4.1 Carbonate Sequence Stratigraphy 
Early sequence stratigraphic models for carbonate systems were based largely on 
siliciclastic models with little modification to take into account features that are unique 
to carbonates systems (e.g. Vail 1987, Sarg 1988, Vail et al. 1991). These early 
sequence stratigraphic models for carbonate systems attracted particular criticism for not 
taking into account the high sensitivity of carbonates to environmental and climatic 
controls other than relative sea-level (Bosence and Pomar 1992, Everts 1991, Everts et 
al. 1992, Mullins 1983, Schlager 1991. 1992a,b, Tucker 1991a) that reflects the shallow 
marine dominantly biogenic source of carbonate sediment supply. Furthermore, it is 
possible that environmental and climatic controls other than relative sea-level may be 
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capable of exerting an equal or at times greater influence on stratal architectures than 
sea-level change in carbonate systems. These other environmental and climatic controls 
may change out of phase with relative sea-level and therefore compete as the dominant 
controls on stratal architecture and facies development. Some of the causes of 
carbonates responding in different ways to relative sea-level changes compared to 
siliciclastic systems include: 
(a) The environmental sensitivity of shallow marine biogenic carbonate production to 
changes in salinity, nutrient supply, water temperature, siliciclastic contamination, algal 
or nutrient poisoning, and storms. Decreases in carbonate production at the shelf margin 
can result from 'inimical' lagoon waters with abnormally high temperatures and 
salinities being carried seaward by ebb tides killing reefs (Neuman and Macintyre 
1985). Abnormally high water temperatures can also inhibit or kill reef growth. For 
example the El Nino warm water surge reduced the growth potential of reefs in the 
eastern Pacific in the mid 1980s (Glynn 1991). Cyclical repetition of such warm water 
surges in the geological past may have been responsible for reef mortality. High levels 
of nutrients (such as phosphates and nitrates), or 'nutrient poisoning', can reduce the 
growth potential of reefs or cause reef mortality by promoting the growth of ecological 
competitors such as plankton (which reduces water transparency), fleshy non-calcareous 
algae (which can attach themselves to reefs and 'smoother' the corals), reef grazers and 
borers (which attach the living coral and bioerode the reef) (Hallock and Schlager 
1986). Carbonate sedimentation rate may also be reduced by environmental 'poisoning' 
by hydrothermal plumes (e.g. Voght 1989); increase of siliciclastic sediment ingress to 
the carbonate environment (for example due to increase tectonic uplift in the hinterland) 
(e.g. Stoakes and Wendte 1988), or erosion of sediment accumulation by thermal or 
meteorological driven submarine currents (e.g. Pinet and Popenoe 1985, Austin, 
Schlager et al. 1988, Mullins et al. 1987). Changes in carbonate sedimentation rates may 
therefore produce apparent depositional hiatuses or condensed sections that may appear 
similar to sequence boundaries or maximum flooding surfaces independently of relative 
sea-level changes. 
(b) The submarine nature of carbonate sediment production means that maximum 
carbonate 'shedding' is most likely to occur during highstands of sea-level when the 
'carbonate factory' is at its largest rather than during lowstands of relative sea-level as is 
the case for siliciclastic systems (Mullins 1983, Schlager 1991a). 'Highstand shedding' 
is best documented for the Bahamas Banks (Drexler et al. 1983, Mullins 1983, Reijmer 
et al. 1988). The same pattern can be detected in the platforms of Caribbean, the Great 
Barrier Reef (Davies et al. 1989), and the Indian Ocean (Drexler et al. 1990). Carbonate 
highstand shedding creates "highstand apron geometries" as observed for the Holocene 
sediments of contemporary carbonate platforms (e.g. Wilber et al. 1990). Highstand 
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calciturbidite deposits are petrographically distinct from those deposited during 
lowstands being characterised by high energy grains especially ooids, peloids, pellets, 
and other high energy platform top derived skeletal grains, with margin derived grains 
becoming volumetrically less significant (Everts 1991) (Figs 2.3h, i, m, and n). 
(c) The high propensity for early diagenesis and near sea-floor lithification in 
carbonates. The greater degree of mineralogical variation in carbonate composition (i.e. 
aragonite, high and low magnesian calcite), coupled with the mineralogical 'instability' 
of many carbonate grain types (i.e. aragonite and high magnesian calcite) at normal 
temperature and pressures and the relatively higher solubility of calcite compared to 
quartz, means that carbonates systems have a greater propensity for undergoing early 
diagenesis than mineralogically less varied and more stable siliciclastic systems. 
(d) The controls of climate and environmental changes on facies development and early 
sediment diagenesis including karstification and lithification. Depositional environment 
climate may vary from tropical or temperate, humid or arid (Figs 2.3c, d, f and g). Cool 
water carbonate deposits may be less lithified than those of tropical water carbonate 
sediments due to their lower content of mineralogically metastable grain types (i.e. 
aragonite and magnesian calcite grains) inhibiting early diagenesis (Schlager 1992a). 
Reworking of sediment may therefore be more significant for cool water platforms 
rather then tropical platforms following exposure. 
(e) Changes in platform-building biota through geological times. e.g. the presence or 
absence of reef building organisms will exhibit a major control on stratal architecture. 
(f) The ability of carbonate sediments to build a broader and steeper range of submarine 
slope angles at platform margins than siliciclastic sediments (Schlager and Camber 
1986, Kenter 1990). The range of steepness of platform margins in carbonates may 
influence the ability of the carbonate factory to migrate with relative sea-level 
fluctuations, and also effect the size of the repositioned and modified carbonate factory, 
potentially changing the nature of carbonate sedimentation (Figs 2.3 a and b, Fig. 2.4). 
(g) The ability of submarine currents to influence stratal architecture by redistributing 
sediment from the carbonate factory. e.g. the marked asymmetry of the modem day 
Bahama banks between leeward and winward margins (Mullins et al. 1984, Mullins et 
aL 1988, Mullins and Newman 1979). 
(h) The influence of the underlying antecedent topography to influence modem day 
carbonate platform morphology. Contemporary depositional environments are relatively 
young; consequently they have not had time to infill and subdue the underlying 
topographic features they nucleated upon. 
(i) The relatively shallow marine depth of carbonate deposition means that relatively 
smaller scale relative sea-level fluctuations may cause subaerial exposure of the 
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platform top in comparison to those required to cause subaerial exposure in siliciclastic 
depositional systems. 
(j) Carbonate sequence stratigraphic models must take into account a range of 
depositional environments which might be expected to display substantially different 
stratal architectures in response to changes in accommodation space i.e. open shelves, 
rimmed shelves, homoclinal ramps and distally steepened ramps (Figs 2.3 and 2.4). 
Carbonate systems may produce several stratal geometries and facies arrangements in 
response to similar relative sea-level changes depending upon their interaction with 
other environmental and climatic factors. Some of these potential geometries are 
summarised in Figures 2.3 and 2.4. Changes in other environmental and climatic factors 
other than relative sea-level may also produce stratal geometries that mimic those 
previously interpreted as solely representing relative sea-level changes in existing 
sequence stratigraphic models. 
2.4.2 Summary 
(1) Relative sea-level changes in carbonate depositional systems may produce 
different and more varied stratal responses than those produced by siliciclastic systems. 
(2) Similar magnitude relative sea-level changes may produce more than one type 
of stratal response in carbonate systems depending upon their interaction with other 
environmental and climatic factors (Figs 2.3 and 2.4). 
(3) Where relative sea-level changes can be demonstrated to be capable of 
accounting for a particular stratal geometry they do not provide a unique solution. Often 
other environmental changes (such as changes in current strength or direction) and slope 
processes (related to slope angle) are capable of mimicking similar stratal architectures 
to those produced by changes in base-level e.g. lowstand wedge vs. toe-of slope mega-
breccias; drowning unconformity vs. environmental stress reducing carbonate 
production; subaerial erosional unconformities vs. marine thermal current erosion; 
incised valleys vs. submarine erosional slopes; highstand/lowstand shedding vs. leeward 
slopes; retrograding stratal geometries (sea-level transgression) vs. windward margins. 
(4) Environmental and climatic controls may operate out of phase and 
independently of relative sea-level changes and therefore be in competition with relative 
sea-level change as the dominant controls on stratal architecture. 
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Fig. 2.3 (Facing page). Carbonate platform shelves may exhibit a range of different sedimentary stratal 
geometries in response to similar relative sea-level changes. These different sedimentary responses reflect 
the interaction of relative sea-level changes with other environmental and climatic controls. 
Lowstand systems tracts: Lowstands of relative sea-level on gently sloping platform margins may result 
in the deposition of (a) autochthonous aprons (Sarg 1988) and /or cause (b) basinward progradation by 
forced regression (Posamentier et al. 1990). For steep angles of slopes the carbonate factory may be 
unable to migrate down slope with deposition instead being potentially characterised by allochthonous 
aprons (Sarg 1988) derived from the reworking and cannibalisation of sediment from the foreslope. 
Allochthonous aprons may be (c) absent or volumetrically small in tropical climates, or (b) being 
relatively well developed in temperate climates. These variations in the comparative sizes of 
allochthonous aprons may relate to the effect of differences in prevailing climate on the degree of the 
early lithification of the foreslope sediment. Tropical platform foreslopes are potentially comparatively 
more lithified than those of temperate climates due to their higher volumetric proportion of 
mineralogically metastable grains (Schlager 1992a). (e) Lowstands of sea-level may also trigger major 
catastrophic platform collapse even on the very lowest angle of slopes (this thesis chapters 6 and 7). 
Lowstand systems tract and parasequence boundaries formed by subaerial exposure may be marked by (f) 
relatively deep karsts in humid climates but may produce (g) only minor or no karstic surface at all in 
arid climates. 
Transgressive systems tracts: Relative sea-level rise may produce (h) progradational, (i) progradational-
aggradational, (j) aggradational or retrogradational stratal geometries or even result in platform drowning 
dependant on the comparative rate of carbonate production and disbursal in relation to the rate of relative 
sea-level rise. Thermal and tidal submarine currents may also exert an important influence on stratal 
architecture that varies depending upon whether the margin has a windward or leeward aspect. 
Highstand systems tracts: Highstand systems tracts may be characterised by maximum basinward 
progradation (m) as the flooded platform-top provides potentially the largest available area for the 
'carbonate factory' (Mullins 1983). However, all the stratal geometries that may form during marine 
transgression can also form during a highstand of relative sea-level making these two systems tracts 
potentially difficult to tell apart. In addition during highstands of relative sea-level for rimmed shelves the 
rim may aggrade to sea-level forming a barrier isolating the inner platform from normal marine 
circulation and potentially causing deposition of evaporites in the restricted circulation inner platform 
lagoon (Tucker 1991a, 1993). However, the potential 'for preservation of such evaporite deposits in the 
geological record might be expected to be relatively poor. 
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Fig. 2.4 (Facing page). Carbonate homoclinal and distally steepened ramps may exhibit a range of 
different sedimentary stratal geometries in response to similar relative sea-level changes. These different 
sedimentary responses reflect the interaction of relative sea-level changes with other environmental and 
climatic controls. 
Lowstand systems tracts: (a) and (b) lowstands of relative sea-level are marked by basinward migration 
of facies down ramp and subaerial exposure of the inner ramp. Karsts formed by subaerial exposure are 
again best developed in humid environments and may be absent in arid environments. (c) and (d) if 
relative sea-level fall is particular great lowstand deposits may appear to 'jump' down slope with the new 
site of sediment accumulation separated from the old as traced along the ramp by a potential 
palaeokarstic surface. (e) Alternatively no sediment at all may be deposited on ramp during a relative sea-
level lowstand. 
Transgressive systems tracts: (f) and (g) relative sea-level transgressions are marked by backstepping of 
facies. (h) and (i) if relative sea-level rise is sufficiently rapid the site of deposition may appear to 'jump' 
up platform separate from the original site of sediment accumulation as traced laterally along the ramp by 
a condensed sequence. If carbonate production is able to keep pace with relative sea-level rise 
aggradational geometries may be produced including mud mounds and pinnacle reefs (not illustrated). 
Highstand systems tracts. (k) during highstands of relative sea-level sediment deposition may aggrade to 
sea-level subduing any mud mounds or pinnacle reefs formed during the preceding transgression. 
Following aggradation to sea-level sand shoals may then prograde basinward. (i) Similar geometries may 
characterise distally steepened ramps during sea-level highstands but with the additional possibility of 
shedding of carbonate sands to the outer ramp forming a small allochthonous apron. 
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Chapter 3 
Regional Geology of the Urgonian Platform 
3.1 Introduction 
This chapter aims to review the existing stratigraphic models, sedimentology, facies 
assemblages, palaeogeography, and tectonic evolution of the mid-Cretaceous Urgonian 
carbonate platform sensu lato preserved and exposed in the present day Subalpine 
mountain Chains and Jura of S.E. France. The Subalpine Chains form more or less 
parallel mountian belts that trend north north east-south south west and afford 
spectacular exposures of the Urgonian sensu lato succession in glacial valleys. The 
Chains occupy the present day Chartreuse, Vercors, Bauge, Borne, Aravis regions of 
France (Fig. 3.1 and 3.2). Earlier workers this century tended to concentrate on the 
structural evolution of the Subalpine Chains (Fig. 3.3) but the recognition of discreet 
palaeogeographic domains regionally and spatially within the succession has lead to the 
emergence of a greater sedimentological emphasis in recent times. The Urgonian 
platform sensu lato has been the subject of continuous research over the last twenty 
years leading to constant updating, re-interpretation and regular revision and 
modification of models of platform evolution to assimilate new data (e.g. Arnaud 1979, 
1981, 1988, Arnaud and Arnaud-Vanneau 1989, Arnaud-Vanneau 1980, Arnaud-
Vanneau and Arnaud 1976, 1986, 1991, Arnaud-Vanneau et al. 1987a,b, Arnaud-
Vanneau et al. 1976, Arnaud and Medus 1977, Boisseau 1987, Busnardo 1965, 
Busnardo et al. 1991, Clave! et al. 1986, Clavel et al. 1987, Clave! et al. 1992, Clavel et 
al. 1994a,b, Cotillion et al. 1980, Charollais et al. 1994, Cumelle and Dubois 1986, 
Darscu 1983, Deconinck 1984, Delamette 1994, Ferry 1986, Flaudrin 1979, Hunt and 
Tucker 1993, Jacquin et al. 1991, Joseph et al. 1989, Joseph et al. 1988, Magneiz-Jannin 
1991, McDonough et al. 1992, Schroeder et al. 1989, Thieuloy 1979, Veiban 1987). The 
mid-Cretraceous Urgonian platform sensu lato was deposited in a generally shallow 
marine environment of 'stable' platforms and subsident 'basins' developed on the passive 
margin of the European plate on the northern shores of Ligurian Tethys and has 
classically been interpreted as a rimmed carbonate platform. Whilst some broad aspects 
of Urgonian sensu lato palaeogeography are in agreement between different researchers 
major unresolved controversies still remain about important and fundamental aspects of 
Urgonian platform sensu lato stratigraphic evolution (see section 3.6). The vast majority 
of recent research has been undertaken in the Vercors, Chartreuse and Jura regions 
where less tectonically disrupted laterally continuous outcrops are best preserved. It is 
also in these regions that the most recent attempts to interpret the succession within a 
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sequence stratigraphic framework have been under taken (e.g. Arnaud-V anneau et al. 
1987, Arnaud-Vanneau and Arnaud 1990, 1991, 1992, Everts et al. 1992, Busnardo et 
al. 1991, Clavel et al. 1992, Jacquin 1989, Jacquin et al. 1991, Hunt 1992, Hunt and 
Tucker 1994, McDonough et al. 1992, Ravenne et al. 1987, Stafleu and Everts 1992, 
various Exxon workers unpublished). This reflects several reasons: the already well 
described stratigraphic succession and pre-ex1stmg chronostratigraphy and 
biostratigraphy (from work principally carried out by Arnaud and Arnaud-Vanneau and 
their various co-workers based at Grenoble University and more recently the competing 
alternative stratigraphy of Clavel and his co-workers principally based at Geneva 
University) that exists for this region; the thickness of the succession which allows 
comparison of stratal geometries in outcrop to the scale of geometries determined from 
seismic reflection profiling; the apparent steep, rimmed shelf nature of the Urgonian 
platform margin which makes angular discordances and stratal termination patterns at 
unconformities easier to identify; and the lateral continuity of exposure which allows 
unconformities (and their correlative conformities) to be traced from platform-top to 
basin-floor relatively easily. 
In comparison the Aravis and Borne regions of the northern Subalpine Chains have 
tended to be neglected although some work has been undertaken (e.g. Chaplet 1989, 
Clave! et al. 1987, Deltraz et al. 1986). In these regions the nature of the Urgonian 
platform sensu lato has always been thought to differ from those to the south. The low 
angle apparently conformable succession appears to indicate a ramp-type platform 
geometry with the absence of an abrupt shelf-break, rather than a rimmed shelf. It is in 
these regions of the Subalpine Chains that this studied has concentrated. 
3.2 Paleogeography of the Subalpine Chains of SE France 
The Subalpine Chains of SE France form part of the External Alpine Zone of the 
western most part of the Western Alps which is composed of the least deformed part of 
the former north-western European Mesozoic continental passive margin which 
bordered the Ligurian Tethys basin (Figs 3.1 and 3.4). The External Zone is today 
bounded by the basement of the Massif Central to the west and separated from the 
Internal or Penninic Zone to the east by the Frontal Pennine Thrust (Figs 3.1. and 3.3). 
The Internal Zone is composed of rocks from the Penninic and Austro-alpine 
palaeogeographic domains. The Internal Zone preserves the more distal sediment 
starved part of the former European passive margin. The Internal Zone is tectonically 
overlain by ophiolitic thrust sheets representing Ligurian basin floor. The Austro-alpine 
sheets tectonically overlying and to the west of these ocean deposits represent the former 
southern Apulian (also often called Adriatic or African) passive continental margin of 
Ligurian Tethys (Lemoine et al. 1986, Butler 1989a) (Figs 3.1 and 3.3). 
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The External Zone may itself be subdivided into discrete palaeogeographic terrains 
which appear to have formed and been controlled by a series of NNW -SSE trending 
faults most notably the Isere-Cevennes and Durance Faults. These faults delineate a 
series of more tectonically stable (platforms) and more subsident areas (basins) on the 
European passive margin (Figs 3.4c and 3.5). The Jura-Bas platform to the north-west 
and the Provence Platform to the south surrounding the more subsident Dauphinois 
basin (Fig. 3.5). The Dauphinois basin itself is cut at times by a more strongly subsident 
east-west trending area in its southern sector which developed later into the 
palaegeographically distinct Vocontian basin in its own right. 
The External basement massifs preserve pre-Triassic sediments and Variscan high 
grade gneiss and granitoids formed during the final stages of the Variscan orogeny in 
NNW -SSE trending pull apart basins (Bles et al. 1989). The trend of these Variscan 
strike slip faults played a major role in later dip-slip extensional structures developed 
during Jurassic and Cretaceous stretching (Bles et al. 1989, Roure et al. 1992) and 
Tertiary compressional tectonics. 
3.3 Evolution of the Passive Margin of the Subalpine Chains 
3.3.1 Introduction 
The passive-margin succession developed above the pre-Triassic crystalline 
metamorphic Variscan basement (refered to above) in addition to Permo-Carboniferous 
continental deposits. By the beginning of extension in the Triassic the topography 
associated with the Variscan orogeny had all but been peneplained away leaving a 
predominantly topographically featureless basement. Sedimentation across the area 
which was to develop into the European continental passive margin (Internal to External 
Zone) resumed with the deposition of Triassic continental sediments above this 
unconformity. These sediments passed up stratigraphically into Triassic carbonates and 
associated evaporite deposits. During the Triassic to Cretaceous the margin remained 
predominantly starved of siliciclastic input and the succession was dominated by 
shallow water carbonate platform limestones and their basinal lime mud equivalents. 
The formation, evolution and subsequent demise of the European passive margin can be 
divided into a three tectono-stratigraphic phases as described below (Lemoine et al. 
1986) (Fig. 3.6). 
3.3.2 Late Triassic to mid-Jurassic pre-oceanic rifting 
The onset of passive margin development began during the Triassic and early 
Hettangian with widespread gentle undifferentiated subsidence (Rudkiewicz 1988). 
Interbedding of alkaline volcanics within the sedimentary succession at this time 
suggests the onset of subsidence and continental extension was linked to the initial 
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stages ofthe opening of the Atlantic (Lemoine et al. 1986, Lemoine and Trumpy 1987, 
Graciansky and Lemoine 1988). Sedimentation changes occurred during the Triassic 
from siliciclastic continental and fluvial shallow marine sands to shallow marine 
carbonate platform limestone and associated evaporites across almost the entire area 
experiencing stretching (Cunelle and Dubois 1986). Triassic to Lower Hettangian 
evaporite deposition indicates an arid climate and possible intermittent isolation of 
subsident areas from open marine circulation. By the llpper Hettangian siliciclastic input 
to even proximal parts of the Internal Zone of the developing European passive margin 
had ceased and open marine circulation developed as the rate of subsidence began to 
accelerate and basin deepening occurred (Elmi 1990). This may also have coincided 
with a switch to more humid climatic conditions. 
During the early to mid Jurassic, subsidence became highly differentiated across the 
European passive margin (Figs 3.4a,b). Stretching and extension within the External 
Zone was accommodated by the development of a series of tilted fault blocks which 
fragmented the Triassic and early Jurassic platforms (Elmi 1990) (Figs 3.4 and 3.6). 
These faults formed along major lineaments most notably the Isere and Durance faults, 
producing fault blocks of the order of tens of kilometres wide which dominantly down-
threw to the east. These lineaments delineate the margins of the less strongly subsident 
'stable' platforms (e.g. the Jura-Bas Dauphine to the NW; and Provencal Platforms to the 
SE) between which the more highly subsident basinal areas such as the Dauphinois 
basin developed (Fig. 3.5). Fault bounded tilt blocks of the Dauphinois basin are well 
preserved in the present day Belledonne Massif (Lemoine et al. 1986). Sedimentation 
was strongly controlled by the basin and shoal topography imposed by the tectonic tilt 
blocks (Lemoine and Trumpy 1987). The uplifted 'crests' of blocks provided shallow 
marine environments characterised by the deposition of crinoidal sand shoal bodies 
which often rest with marked angular basinal unconformity upon the rotated earlier syn-
rift deposits (Barfety and Gidon 1983). Between block crests in the hanging walls of 
fault blocks the half grabens provided deeper water environments characterised by 
pelagic and hemipelagic sediments interbedded with gravity deposits and calciturbidites 
derived from the uplifted footwall 'blocks (e.g. Col d' Ornon: Lemoine et al. 1986, 
Lemoine and Trumpy 1987). In regions more proximal to the main bounding faults (i.e. 
Isere-Cevennes lineament) of the Dauphinois basin block, crests become subaerially 
exposed and eroded (Elmi 1990). 
A substantial increase in the rate of tectonic subsidence concentrated in the External 
Zone during the Toercian and Aalenian resulted in the 'drowning' of both 'unstable' 
basins and 'stable' platforms and is marked by the deposition of condensed deep watc ... 
shales (Arnaud 1988, Roux et al. 1988, Rudkiewicz 1988) (Figs 3.7 and 3.8). At the 
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same time the Brianconnais domain of the Internal Zone experienced very shallow water 
conditions or was subaerially exposed (Roux et al. 1988). 
3.3.3 Mid to late Jurassic rifting and Cretaceous thermal subsidence 
The end middle Jurassic to the beginning of the late Jurassic was a period of major 
palaeogeographic change with the onset of sea-floor spreading in the Ligurian basin and 
the formation of 'true' oceanic crust (Figs 3.4 and 3.6). Deep water radiolarian chert 
sediments were deposited on this 'new' sea-floor. The formation of oceanic crust was 
associated with another major acceleration in the rate of subsidence during the Callovian 
and Oxfordian (Rudkiewicz 1988, Arnaud 1988) (Fig. 3.7) which was mainly 
concentrated in the distal, eastern part of the passive margin (Internal Zone) (Roux et al. 
1988). In the External Zone the increased rate in subsidence coincided with an increase 
in carbonate sedimentation rates (the Oxfordian crises of Arnaud 1988) (Figs 3.7 and 
3.8). Shallow water carbonate sedimentation was restricted to the 'stable' areas including 
the Jura-Bas Dauphinois and Proven~al platforms (Arnaud-Vanneau et al. 1987) (Figs 
3.4 and 3.5). The rest of the External and Internal Zones were dominated by hemipelagic 
and pelagic sedimentation indicating the attenuation of the tilted fault block topography 
during the lower to mid-Cretaceous. In the Dauphinois realm at this time the Vocontian 
basin formed as a distinct palaeogeographic feature for the first time (Cumalle and 
Dubois 1986). 
Once oceanic spreading had begun in the Ligurian domain, thermal subsidence 
controlled passive margin formation, which was characterised by gentle subsidence 
across the margin during a period of otherwise tectonic quiescence. During this phase 
siliciclastic input to the passive margin was at its lowest (Arnaud-Vanneau et al. 1987). 
The post-rifting break-up unconformity is classically interpreted to be marked by the 
base of the Tithonian platform limestone which in:filled and subdued any remnant of the 
tilted-fault block morphology (Lemoine et al. 1986, Lemoine and Trumpy 1987). 
However, active subsidence of the half grabens probably ceased earlier than this as for 
most of their evolution graben sedimentary accumulation lagged behind relative sea-
level rise. 
In the External Zone during the Tithonian-Berriasian shallow water platform 
deposition was confined to the 'stable' platforms bordering the Dauphinois basin 
(Arnaud-V anneau et al. 1987, Detraz and Steinhauser 1988, Detraz 1989). 
Sedimentation within the Dauphinois basin during this time was predominantly pelagic 
and hemipelagic. 
The shallow water carbonate platforms on the more stable areas exhibited periods of 
aggradation interspersed with episodes of south-eastwards progradation across the Jura-
Bas platform. The first major episode of carbonate platform progradation occurred 
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during the Tithonian-Berriasian advancing as far as the margin of the Dauphinois basin 
coincident with the Isere fault (Amaud-Vanneau et al. 1987) (Fig. 3.4c). This southern 
limit to progradation suggests that the Isere lineament still exhibited significant 
topography inherited from Jurassic rifting or that subsidence continued to be 
concentrated along this structure during the upper Jurassic to lower Cretaceous (Detraz 
and Steinhauser 1988, Detraz 1989, Villars 1992). 
A second major episode of shallow water carbonate platform progradation occurred 
during the Barremian-Aptian (section 3.6) which advanced across the Isere lineament 
encroaching a considerable distance into the Dauphinois basin and onto the flanks of the 
Vocontian basin (Fig. 3.4c). This corresponds to the Urgonian platform sensu lato 
which· is the focus of this study. This phase of shallow water carbonate platform 
deposition occurred during an abrupt increase in the rate of carbonate sedimentation (the 
Barremian crises of Arnaud 1988) (Figs 3.7 and 3.8) which resulted in an increase in 
stratigraphic carbonate thickness as traced from the Jura-Bas platform to the northern 
margin of the Vocontian basin. The end of Urgonian carbonate platform deposition is 
marked by a decrease in sedimentation rates and the resumption of deep water 
sedimentation. 
3.3.4 Late Cretaceous and Tertiary basin inversion and compressional tectonics 
During the mid to late Cretaceous a major change of relative plate motion vectors 
occurred between the European and African plates caused by the northwards 
progradation of rifting in the Southern Atlantic (Fig. 3.6). The resulting anticlockwise 
rotation of Africa eventually forced the closure of Ligurian Tethys (Lemoine et al. 1986, 
Lemoine and Trumpy 1987). The first signal of this major plate reorganisation was 
heralded by a resumption of detrital sedimentation over most of the External Zone and 
compressional tectonics in other areas e.g. Devoluy and Provence (Arnaud 1981, 
Arnaud-Vanneau et al. 1987, Debelmas et al. 1983; Oebelmas and Kirchkove 1980). 
During the late Cretaceous the Dauphine basin underwent inversion becoming 
emergent as a result of compressional tectonics. Sedimentation during this phase shows 
a gradual return to siliciclastic sedimentation which diachronously migrated from the 
Internal Zone to the External Zone (Homewood 1983, Mugnier et al. 1990). Flysch 
developed in the Internal Zone from the late Cretaceous and Molasse basins formed in 
the Tertiary as the mountain collision belt progressively migrated westwards (Mugnier 
et al. 1990), stacking and telescoping the passive margins. 
Closure of the Ligurian Tethys basin and continental collision between the already 
deformed passive margins of Europe and Africa occurred during the late Cretaceous and 
early Tertiary (Lemoine et al. 1986, Lemoine and Trumpy 1987, Coward and Dietrich 
1989) (Fig. 3.6). This produced the main Alpine orogeny with the emplacement of the 
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Austro-alpine nappes (composed of deformed remnants of the passive margin of Africa) 
above the European continental crust. 
Continental collision and deformation ceased in the late Miocene in the Subalpine 
Chains and in the Pliocene in the Jura (Mugnier et al. 1990). Following the closure of 
Ligurian Tethys which caused crustal depression by stacking the two passive margins, 
thermal re-equilibriation of the crust has resulted in isostatic rebound. Isostatic rebound 
is of the order of 700 metres in the Subalpine Chains and 300 metres in the Jura 
(Roberts 1990). This has lead to current elevation of the Subalpine Chains with the 
present day exposure further fashioned by Pleistocene glaciation. 
3.4 Definition of U rgonian Terminology 
The term Urgonian was first used by Lory (1846) to describe the limestones 
characterised by their abundant fauna of shells (rudists) and corals. The term has since 
been used in chronostratigraphic, biostratigraphic, formation, lithostratigraphic and 
facies contexts. Any limestone facies which contains abundant rudist bivalves, (aberrant 
bivalves which became the major platform builders during the Cretaceous), are 
commonly described as Urgonian facies (e.g. Masse and Philips 1981, Ross 1989). 
Urgonian facies can occur in a broad range of depositional settings from high energy 
platform margins to low energy platform-top lagoonal environments (Ross 1989). The 
latter occurrence of rudist facies appears to be most representative of their 
environmental distribution in the Subalpine Chains of S.E. France (Arnaud-Vanneau 
1980, Arnaud 1981, Arnaud-V anneau et al. 1987). The deposition of true rudist facies in 
the Subalpine Chains is classically dated between the latest Upper Barremian-and the 
lowest Lower Aptian with limestones being composed of rudist-rich, usually peloidal/ 
foraminiferal wackestone-packstones (Arnaud-Vanneau and Arnaud 1990). However, 
the dating of Urgonian facies has recently been questioned by Clavel et al. (1994) 
(discussed in section 3.6). This facies corresponds to the Urgonian Limestone 
Formation or Urgonian sensu stricto of Arnaud (1981). The Urgonian Limestone 
Formation is also frequently refer to as the Upper Urgonian and/or Urgonien blanc 
('white urgonian beds') in the French and Swiss geological literature (e.g. Charollais et 
al. 1994, Clavel et al 1994(a)(b)). The Urgonian platform sensu lata includes both the 
Urgonian facies and their precursor shallow water sediments lacking rudists deposited 
following deep water Hauterivian sedimentation. Urgonian platform sensu lata may 
therefore include the Pierre Jaune de Neucha.tel grainstone, Borne Bioclastic and 
Glandasse Bioclastic Limestones (Arnaud-Vanneau and Arnaud 1991) (see below for 
descriptions) deposited in the early to late Barremian. Urgonian sensu lata is also 
synonymous with the period of youngest limestone deposition on the Jura/Bas 
,. 
Dauphine Platform, after which it is sometimes named, and is also refe~d to as the 
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Urgonien jaune (youngest Urgonian) and/or the Lower Urgonian in French and Swiss 
publications (e.g. Charollais et al. 1994, Clavel et al 1994(a)(b)). 
3.5 Stratigraphy of the Urgonian Platform sensu lato 
3.5.1 Introduction 
Having introduced the regional evolution of the Subalpine Chains this section sets out 
to describe in more detail the existing stratigraphy of the Urgonian platform sensu lato. 
The Urgonian platform sensu lato is the youngest in a series of carbonate platforms 
developed on the European continental passive margin of Ligurian Tethys during the 
Jurassic-Cretaceous (see above). The Urgonian platform sensu lato has been classically 
interpreted as a rimmed carbonate platform with a high energy elevated margin 
protecting low energy back lagoon facies in its interior, based mainly on field work in 
the Vercors (Arnaud-Vanneau 1980, Arnaud 1981). The margin is characterised by 
shoaling bio-oolitic sands, corals and small patch reefs but no true barrier reefs ever 
developed at the platform edge (Arnaud-V anneau et al. 1987). The platform has also 
alternatively been described as a ramp (McDonough et al. 1992) or an open shelf 
lacking an elevated rim (Hunt and Tucker 1993), also based on work in the Vercors. The 
platform is thought to have developed during an arid climatic period (Deconinck 1984, 
Ferry and Rubbino 1989, Ruffel and Batten 1990). 
Early studies of the stratigraphy of the Urgonian platform sensu lato proposed that it 
represented a continuous period of sedimentation across the whole depositional region, 
represented by four sedimentary formations (Fig. 3.10) (Arnaud-Vanneau et al. 1976, 
Arnaud-Vanneau 1980, Arnaud 1981). However, recent new data, especially from the 
Jura led Arnaud and Arnaud-Vanneau (1989) working at Grenoble University (the 
'Grenoble school') to reinterpret earlier observations to produced a new dynamic 
evolutionary scheme for this platform based on a sequence stratigraphic approach which 
identifies depositional breaks in sedimentation. This new model proposed that Urgonian 
platform sensu lato evolution was complex, being affected by the compounded 
influences of both antecedent palaeogeography inherited from Liassic rifting, described 
above, and fluctuations in relative sea-level (Vanneau-Arnaud and Arnaud 1990, 1991). 
This reconstituted stratigraphy sub-divides the succession into two Hauterivian 
sequences, two Barremian sequences, and two Aptian sequences, based mainly on the 
palaeontological dating criteria of foraminifera (Fig. 3.9). The sequences are named 
HAl, HA2 (Hauterivian), BA1, BA2 (Barremian), API and AP2 (both early Aptian). 
However, this stratigraphic interpretation was challenged by Clavel and his co-workers 
(1986, 1987, 1992, 1994a,b) who proposed an alternative biostratigraphy and model of 
platform evolution (section 3.6). Despite this unresolved dispute the sequence 
stratigraphy of the Arnaud's has been the basis of many subsequent attempts at refining 
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sequence stratigraphic models of Urgonian platform sensu lata evolution using stratal 
architectures observed in outcrop (e.g. Everts 1992, Hunt 1992, Hunt and Tucker 1993, 
Jacquin 1989, Jacquin et al. 1991, McDonough et al. 1992). This probably reflects the 
fact that this sequence stratigraphic scheme most closely integrates sedimentological 
facies description and unconformity occurrence with stratal dating especially as layed 
out in the Third International Cretaceous Symposium Field Guide (Arnaud-V anneau et 
al. 1987). 
3.5.2 Hauterivian, Barremian and early Aptian Carbonate Formations 
Four carbonate formations have been distinguished in the northern Subalpine Chain 
(Chartreuse,Vercors, Borne regions) and Jura defined by their distinct sedimentology 
and microfauna, especially benthic foraminifera assemblages (Arnaud-V anneau 1980, 
Arnaud 1981, Remane et al. 1982, Vieban 1983, Zweilder, 1985) (Figs 3.9 and 3.10). 
Each formation occurs in a particular palaeogeographic position (Figs 3.10, 3.11 and 
3.13). The formations are: (1) the Lower Hauterivian Pierre Jaune de Neuchatel 
Formation (a bio-clastic and oolitic packstone-grainstone) which is restricted to the Jura 
platform. (2) the ower Barremian Borne Formation (bioclastic limestone), (3) the lower 
to M.iddle Barremian Glandasse Formation (bioclastic limestone), (4) the IJ.pper 
Barremian to Middle Aptian Urgonian Limestone Formation (wackestone-packstone 
with rudists) which developed throughout the Jura and Subalpine Chains. 
These formations are further subdivided into a series of numbered shallowing-upward 
members (parasequences) (Fig. 3.9) labelled Hs, Bi, Bs, and Ai, to indicate their 
consignment to the Upper Hauterivian, Lower Barremian and lower Aptian respectively. 
The regional development of the sequence stratigraphy of Arnaud-V anneau and Arnaud 
(1989, 1990, 1991) and the key stratal packages defining sequences and platform 
evolution are illustrated in Figures 3.9, 3.10, 3.11 and 3.12 and summarised below. The 
shaded box in Figure 3.5 indicates the relative position of the study area of this thesis. 
3.5.3 Sequence HA2 (Hauterivian) 
Hauterivian cephalopod-bearing marls represent the ultimate transgressive phase of 
relative sea-level on the Jura platform. They are directly overlain by the Pierre Jaune de 
Neuchatel Formation which is interpreted as a highstand deposit laterally restricted to 
the top of the less subsident Jura platform (Figs 3.11a, 3.12b). The Pierre Jaune de 
Nechatel is sedimentologically characterised by several units of blue marly limestone 
containing irregular echinoids, which shallowing upward up into yellow bioclastic 
oolitic limestone. The southern boundary of the Pierre Jaune de Neuchatel is situated 
along the !sere fault (Figs. 3.11a, 3.12b). Contemporaneous thick, deep water basinal 
pelagic sediments were deposited in the Dauphinois basin of the northern Subalpine 
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Chains and pass laterally into lime muds in the Vocontian basin exposed in the area of 
the present day Diois. A major sea-level fall is interpreted as forming a type-1 sequence 
boundary between sequences HA2 and BAl, causing the emergence of the Jura platform 
from the Vercors to the Swiss Jura. This is infe~d from the absence of a considerable 
thickness (up to 2000m) of latest Hauterivian-early Barremian strata in the Jura, 
Chartreuse and Vercors (based on absence of foraminifera typical of this age), caused by 
non-deposition and subaerial erosion (Amaud-Vanneau and Arnaud 1990). However, at 
outcrop there is little evidence of subaerial erosion on a regional scale at this 
unconformity. The basinward profile of the sea-floor at the end of the Hauterivian 
comprised a subhorizontal submarine surface in the Jura, a low angle (1 °) SE dipping 
ramp in the Vercors and a hemipelagic slope (5-10°) to the deep, pelagic part of the 
Vocontian basin (Figs 3.1la, 3.12b). 
3.5.4 Sequence BAl (Early Barremian) 
This sequence contains the relatively thin Borne Bioclastic Limestone Formation 
(120-200 metres) and the usually very thick Glandasse Bioclastic Formation (700-2000 
metres) and its hemipelagic equivalents (Figs 3.9, 3.10, 3.11b, 3.12c). The exact dating 
of the proposed sudden drop in sea-level that marks the base of this sequence is difficult 
to date precisely but occurs very near to the Hauterivian-Barremian boundary 
(Angulicostata-Huggi zones?). The base ofBA1 is marked by the sediment gravity flow 
deposits of the Borne Bioclastic Formation grain flows producing a submarine fan at the 
base of the hemipelagic slope along a narrow subsident area which is now exposed in 
the Diois (Fig. 3.12c). The Borne Formation in places directly overlies a truncation 
surface formed by syn-depositional slumping of Hauterivian sediments. The exact 
source of the shallow-subtidal Borne Formation sediments is not observed in outcrop. 
The Borne Formation has no known platform-top equivalents. The Borne Formation is 
chronostratigraphically followed by the deposition of the stratigraphically-higher, 
carbonate sands of the Glandasse Bioclastic Limestone Formation and its hemipelagic 
equivalents deposited on a highly subsident zone several kilometres wide at the margin 
between the previous Hauterivian hemipelagic ramp and slope (Figs. 3.llb and 3.12c). 
Subsidence in this region was thought to be controlled by the active Menee fault. The 
Glandasse Formation is interpreted as a 'general' lowstand wedge composed of a 
parasequence set of shallowing (and coarsening) upward parasequences changing 
laterally to hemipelagic cycles as traced basinwards that offlap the Borne Formation 
(Arnaud and Arnaud-Vanneau 1990). During this period rapid tectonic subsidence along 
a narrow zone at the platform margin appears to have been the main influence on 
relative sea-level with which high Glandasse sedimentation rates appear to have been 
able to keep pace. There appears to have been a rise in sea-level in the early Barremian. 
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During this phase the Glandasse Formation evolved into a highstand wedge and then a 
shelf margin wedge which was no longer restricted to the outer slope but spread widely 
northwards onto the Jura platform (Fig. 3.1lb). Although difficult to date exactly, a 
relative sea-level fall in the early-Late Barremian caused significant basinward 
progradation towards the end of the sequence. 
3.5.5 Sequence BA2 (late Barremian) 
The Urgonian Limestone Formation (described by Arn.aud-Vanneau 1980 and Arnaud 
1981) is divisible into two sequences (BA2 and AP 1) (Fig. 3 .9). The dating of the basal 
BA2 sequence boundary is poorly constrained (Arnaud 1989), occurring in the upper 
part of the late Berremian (Barremense-Feraudi ammonite zones). 
In the southern Vercors the Glandasse Bioclastic Formation is separated from the 
Urgonian Formation by the Matheronite limentinus marly level (Aniaud-Vanneau et al. 
1976, Thieuloy 1979) (Feraudi ammonite zone at its base and Asterizone zone at its 
top), whereas in the Jura, the Urgonian Limestone Formation sits directly on top of the 
Pierre Jaune de Neuchatel Formation (Figs 3.10 and 3.1l.c). This stratigraphic 
difference has been interpreted as resulting from a sedimentological break that occurred 
only in the subaerially-exposed Jura as a consequence of palaeogeographic inheritance 
during a relative lowstand of sea-level (Arnaud and Vanneau-Amaud 1989, Amaud-
Vanneau and Arnaud 1990, 1991). The base of sequence BA2 is marked by the onset of 
transgression. This begins in parasequence Bs1 which is developed in the southern 
Vercors only and represents sedimentation on the outer edge of the Urgonian platform. 
Parasequence Bs 1 is sedimentologically characterised by retrogradation of inner shelf 
bioclastic facies and the appearance of corals and rudists above the Glandasse Bioclastic 
Formation (Figs 3.11c, 3.12d). The sequential positioning of the Bs1 parasequence (and 
therefore the base of BA2) is a cause of ambiguity as defmed by Arnaud-V anneau and 
Arnaud (1990). In the southern Vercors it corresponds lithologically to the top 
Glandasse Formation placing it in the BAl sequence but it is really the base of the BA2 
sequence and the beginning of the Matheronite limentinus level according to 
foraminiferal dating of Amaud-Vanneau (1981). In the northwest ofthe platform i.e. the 
northern Vercors, Chartreuse and Jura the transgressive systems tract prior to the base of 
the highstand Urgonian Limestone is represented by transgressive deposits overlain by 
coarse bioclastic or oolitic facies ("facies d'installation" of Amaud-Vanneau et al. 1987). 
In the northern Vercors of the Jura transgressive systems tract directly overly 
Hauterivian strata (Figs. 3.10, 3.1lc, 3.12d). The final stage of maximum transgression 
is marked by marly deposits on both the platform edge and in the basin. The upper BA2 
sequence developed thick Urgonian facies parasequences deposited during a relative 
highstand of sea-level. Individual Urgonian parasequences terminate in minor 
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emergence. Coarse storm deposits occur towards the top of the sequence. The upper 
sequence boundary is caused by minor emergence and marked by limited erosion of the 
underlying highstand deposits or the deposition of a thin level of Characae micrite 
(Arnaud-V anneau I980). 
3.5.6 Sequence API (early Aptian) 
Sequence API of the Upper Urgonian Limestone Formation has been differentiated 
into an initial transgressive systems tract followed by a highstand systems tract (Fig. 
3.9). The base of the transgressive systems tract is marked by the Lower Orbitolinida 
Beds overlying the minor emergence surface at the top of BA2 (Frissicostatus zone). 
The main sedimentological characteristics of the trangressive facies are the relative 
abundance of detrital grains (quartz) but above all the presence of numerous channels 
infilled with Palorbitolina lenticularis marls rich in benthic foraminifera (Arnaud-
Vanneau and Arnaud (1990) suggested that these may represent tidal channels). Rudist 
facies proper become better developed in the upper transgressive systems tract. Overall 
relative sea-level rise during transgression has been interpreted as being relatively minor 
with the higher than normal abundance of quartz exhibiting the major control on facies 
distribution. The maximum flooding surface of the transgressive systems tract is 
represented by a marly horizon several metres thick which is particularly rich in coarse 
grains of detrital quartz developed throughout the Chartreuse and northern V ercors. The 
highstand systems tract is sedimentologically distinguished by the disappearance of 
quartz as a major accessory and a return to dominantly carbonate (rudist) facies. The 
base of the Upper Member (highstand systems tract) of the API sequence is 
sedimentologically marked by the development of beach facies with keystone vugs 
within dominantly rudist facies. 
The upper sequence boundary of sequence API is marked by a major subaerial 
erosion surface produced by a relative sea-level fall of at least 30-40 metres. Vadose 
diagenetic changes in sediments below the boundary are pronounced including shell 
dissolution, dissolution cavities and vadose cements. Dissolution cavities are typically 
infilled with crinoidal limestone and Palorbitolina foraminifera (Upper Orbitolinidae 
Beds of sequence AP2). In the Vercors extensive incised subaerial valleys, tens of 
kilometres in length, cut tens of metres in depth into the underlying Urgonian platform 
at the API boundary indicating that sea-level fell below the margin of the Urgonian 
platform to the SE of the northern Subalpine Chains. The relatively deep valley incision 
at the API sequence boundary in comparison to the overall lack of erosion at other 
sequence boundaries may reflect a switch to a more humid climate which coincided with 
this period of platform exposure. These channels are infilled with the Upper 
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Fig. 3.9 Main stratigraphic units and sequences identified by Arnaud-Vanneau and Arnaud ( 1990), and 
the more important benthic foraminifera used to distinguish them. Aptian zonation according to Casey 
( 1961 ). Barremian zonation according to Busnardo ( 1984 ). The microfacies A, B, C, and D characterise 
the Pierre Jaune de Neuchatel Formation, the Borne Bioclastic Limestone Formation, the Glandasse 
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Matheronites limellfinus level. From Arnaud-Vanncau and Arnaud 1990. 
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Orbitolindae Beds deposited during the lower Aptian transgression of sequence AP2 and 
they which onlap the sides of the valleys. 
3.5. 7 Sequence AP2 (Aptian) 
The transgressive systems tract of AP2 (Fig. 3.9) is preserved in incised valleys 
only. Sedimentologically the Upper Orbitolindae Beds are characterised by Parobitolina 
rich marls containing abundant detrital quartz. The highstand systems tract sediments 
infill the upper part of incised valleys and may build out to lie directly on-top of the 
Urgonian limestone. The highstand deposits are sedimentologically characterised by 
bioclastic, oolitic Parobitolina grainstones. The top of the highstand deposits is marked 
by the Gargasian unconformity in the northern Vercors, which is overlain by upper 
Aptian bryozoan and crinoidal grainstones deposited in a circalittoral environment 
during incipient platform drowning (parochially termed "Lumachelle" by French 
researchers). The Lumachelle only developed in the more western portion of the 
Subalpine Chains (Delamette 1986, 1988). The upper Aptian 'beton phosphate' 
greensands overlie the lumachelle or sit directly on top of Urgonian sensu stricto. These 
deposits mark the end of platform carbonate deposition. The beton phosphate deposits 
are condensed polyzonal sediments decametres thick composed of glauconitic sands and 
reworked phosphatic ammonites and other debris (Arnaud-V anneau et al. 1987). They 
are dated by ammonites and planktonic foraminifera as late early Aptian to late Albian 
deposits (Delamette 1994). The phosphatic conglomerate at the base of the Greensands-
top Urgonian boundary represents a polygenetic hardgrounds formed during subaerial 
exposure of the top of the Urgonian platform. Numerous karstic viens at the top of the 
Urgonian indicate a considerable stratigraphic gap (more than one stage) between the 
deposition of the Urgonian limestone and overlying Greensands (Charollais et al. 1994). 
The Greensands were deposit during a period of deep marine drowning during the upper 
AptianCUpper Bedoulian marine transgression and a return to detrital deposition 
u (Delamette 1994. Charollais et al. 1994). 
3.6 Controversy Surrounding the Stratigraphic Evolution of the 
U rgonian Platform sensu Ia to 
3.6.1 The Palaeontological Controversy 
The stratigraphic evolution of the Urgonian platform sensu lato described above 
principally follows that proposed by the 'Grenoble University school' led by Arnaud and 
Arnaud-Vanneau and their co-workers (e.g. Amaud-Vanneau et al. 1976, Amaud-
Vanneau 1980, Arnaud 1981, Arnaud et al. 1987, Arnaud and Amaud-Vanneau 1989, 
Arnaud-Vanneau and Arnaud 1986, 1990, 1991) and has been that used by many 
subsequent sequence stratigraphers to interprete stratal architectures in the Subalpine 
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Chains (e.g. Arnaud-Vanneau and Arnaud 1990, 1991, 1992, Jacquin 1989, Jacquin et 
al. 1991, Hunt 1992, Hunt and Tucker 1993, McDonough et al. 1992). The Grenoble 
school's interpretation of biostratigraphy is based largely on the occurrence of benthic 
foraminifera. 
However, an alternative and substantially different model for the stratigraphic 
evolution of the Urgonian platform sensu lata has been proposed by a team led by 
Clavel and his co-workers based at Lyon and Geneva Universities, hereafter refered to 
collectively as the 'Geneva school' (Clavel et al. 1986, Clavel et al. 1987, Clavel et al. 
1992, Clavel et al. 1994(a), Clavel et al. 1994(b) Busnardo et al. 1991, Busnardo et al. 
1994, Schroeder et al. 1989). The Geneva school's alternative interpretation of platform 
0 
evolution is based on the different pala~tological dating of the sediments immediately 
underlying the Urgonian Limestone Formation and a disagreement upon the dating of 
the Urgonian Platform sensu stricto itself. Clavel and his co-workers initially used 
ammonites and echinoderms to date the lower part of the Urgonian carbonate succession 
sensu lata (Fig. 3.13). In this way they interpreted the sediments directly underlying the 
Urgonian Limestone Formation as showing lateral variations in age ranging from lower 
Hauterivian on the Jura platform to lower Barremian in the Dauphinois basin. 
Extrapolating these ages stratigraphically upwards into the basal Urgonian Limestone 
Formation suggested to them that it varies from lower Hauterivian to lower Barremian 
age (Hugii zone) rather than upper Barremian (Colchidites zone) as proposed by the 
Grenoble school. Busnardo et al. (1991) and Clavel (1992) have interpreted changes in 
the biostratigraphic dating of strata as traced from inner to outer shelf as indicating 
active carbonate progradation (and therefore marine submersion) on the Jura platform-
top during the lower Barremian. 
Using this evidence the Geneva school denies the subaerial exposure of the Jura 
platform and the concomitant deposition of the aggrading shoaling sands of the 
Glandasse Bioclastic Formation restricted to above the upper Hauterivian hemipelagic 
ramp (present day Vercors) in a region of active tectonic subsidence controlled by the 
Menee fault, as proposed by the Grenoble school. An alternative explanation for 
Urgonian platform sensu lata development and palaeogeography is suggested involving 
continuous deposition on both a flooded Jura platform and Dauphinois basin with the 
platform being emplace~ · by marked southeastwards sediment progradation from 
the Jura platform into the Dauphinois basin (Fig. 3.14). This differs significantly from 
the Grenoble school's model of the Glandasse Formation representing initial 
aggradation above the Hauterivian hemipelagic ramp coincident with exposure of the 
Jura platform during a lowstand of relative sea-level, followed later by the Glandasse 
Formation spreading lateral in a dominantly northwestward direction back onto the 
newly flooded shallower-water environment of the Jura platform during marine 
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transgression (Figs. 3.11 and 3 .12). The discovery that the Orbitolinidae species 
Valserinia bronnimanni, used by Amaud-Vanneau (1980) and Arnaud (1981) as being 
diagnostic of upper Barremian age in the Urgonian Limestone Formation, also occurs in 
the undisputed lower Barremian strata in the Pont de Laval section of the Ardeche 
region of France by Schroeder et al. (1989), appears to give some added credence to the 
Geneva school's model. 
The Grenoble school (1987) have defended their interpretation and in turn raised 
several points of criticism in the work of the Geneva school. The revised dating of the 
basal sediments of the Urgonian sensu lato by the Geneva school is based on ammonite 
zonation. Arnaud-V anneau et al. (1987) highlight that the ammonite zonation of the 
Hauterivian (Moullade and Thieuloy 1967, Busnardo and Thieuloy 1976, Busnardo 
1984) and Barremian (Busnardo 1965, 1984, Busnardo and Vermeulen 1986) are not as 
clearly defined as that for the Valanginian (Busnardo et al. 1979). The existing 
ammonite zonations of S.E. France do not comply with the fundamental 
recommendation of the Copenhagen Symposium (Birkelund et al. 1984) that: (1) 
stratigraphic contiguity is best met by defining only the lower limit of each zone, (2) 
that each zone is defined at its base by the appearance of a new index taxon, and (3) that 
the upper boundary of the zone is formed by the lower boundary of the next zone. For 
these reasons and the fact that the ammonite zonation of sections in SE France has only 
been published in a piece-meal manner, the Grenoble school maintains that in their 
present state ammonite zones cannot be considered an undisputed stratigraphic tool, but 
only as a framework subject to large and continuing modification. This present study has 
also found the occurrence of ammonites in the strata to be sparse. 
Similarly the Geneva school's use of echinoids for dating is criticised by the Grenoble 
school. The stratigraphic range of echinoids used by Clavel et al. (1986), Clavel et al. 
(1987) is large. Toxaster amp/us occurs throughout the Hauterivian, and Toxaster 
seynenis has a range through a significant part of the Barremian (Arnaud-V anneau and 
Arnaud 1986). The use of these genera as uncorroborated biostratigraphic markers is 
therefore limited and open to question. Lateral variations in dates of sediments directly 
beneath the Urgonian Limestone Formation are not disputed by the Grenoble school, 
only those of the Urgonian limestone itself. Dates beneath the platform they argue 
appear to be in agreement with their own (sequence stratigraphic) model of a 
subaerially-exposed Jura platform undergoing erosion at the same time as a still-
submerged margin to the southeast (outcropping in the V ercors) was experiencing 
continued sedimentation during a lowstand of relative sea-level. 
By tum the Geneva school has further '7t to clarify their biostratigraphic 
interpretation by integrating ammonite, echinoid and foraminifera zonation of the 
Cretaceous of SE France to confirm their interpretation (Busnardo et al. 1991, Busnardo 
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et al. 1994, Clavel et al. 1992, Clavel et al 1994(a) and (b)). In so doing the Geneva 
School have proposed a new biostratigraphic scale for the Hauterivian- lower Barremian 
based on orbitolinidae foraminifera. Orbitolinidae foraminifera are much more abundant 
than ammonites in the strata and for the first time this new biostratigraphic scale allows 
the same dating criteria to be used for both the basin and the platform deposits (Clavel et 
al. 1994(a)) This new biostratigraphic chronology is built on the following two 
orbitolinidae lineages (Fig. 3 .15) 
· -Praedictyorbitolina claveli-Praedictyorbitolina carthusia- Dictyorbitolina ichnusae. 
and; 
Valserina primivita-Valserina broennimanni-Valserina charollaisa 
-Palorbitolina turbinata. 
Using this new biostratigraphic scale the occurrance of Praedictyorbitolina claveli 
SCHROEDER in the marly bioclastic 'Urgonian Limestone' outcrop near Boveresse 
stataion in the northern Jura, previously though to be of Aptian age, indicates a lower 
Hauterivian age for these deposits (i.e. Lower Urgonian, or 'Urgonien jaune') (Clavel et 
al. 1994(b)). The Geneva school present this as further evidence that the 'Urgonian 
Limestone' in the northern Jura (commonly refered to as the Upper Urgonian or 
'Urgonien blanc') lies conformably above the lower Hauterivian aged 'Urgonien 
jaune',(or Lower Urgonian) bioclastic platform deposits indicating that it has an upper 
Hauterivian age. 
In the 'Urgonian limestone' exposure near La Lance (Jura neuchatelois) p•it"'\,bv_q:_ 
forms of Praedictyorbitolina and Valserina collected within the Upper Urgonian 
(Urgonien blanc) provided direct evidence for the 'Urgonian white bed' deposits being of 
upper Hauterivain age (Charollais et al. 1994) without the need to extrapolate dates from 
.-
the und~ng strata. In the Jura, the Geneva school mantain that the new 
biostratigraphic dating of the Upper and Lower Urgonian means that the Grenoble 
school's interpretation of the Urgonian Limestone being of upper Barremian age 
separated from underlying Hauterivian strata by a major unconformity is incorrect. 
In summary the problems raized by the stratigraphic distribution of Valserinia 
bronnimanni and of Praedictyorbitolina claveli in the northern Jura remain unredressed 
by the Grenoble school. The biostratigraphy of Amaud-Vanneau (1980) assigning the 
Urgonian limestone of the northern Jura to the upper Barremian (Colchidites zone), 
remains at odds with the more recent work of Schroeder et al. (1989) Clavel et al. 
(1994(a) and (b), and Charollais et al. (1994). The biostratigraphy of the Urgonian sensu 
lato remains the topic of continued research. 
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3.6.2 Controversies in the interpretation of stratal architectures. 
Several researchers have proposed sequence stratigraphic models for the evolution of 
the Urgonain platform sensu lato based on stratal geometries and/or stratal termination 
patterns observed in cliff face exposures in the Subalps and Jura (e.g. Jacquin 1989, 
Jacquin et al. 1991, Hunt 1992, Hunt and Tucker 1993, McDonough et al. 1992). These 
interpretations apply the theorbco.\ carbonate sequence stratigraphic models proposed by 
the Exxon school (e.g. Vail et al. 1987, Sarg 1988). The close match of the Grenoble's 
school model to many of these subsequent sequence stratigraphic interpretations derived 
from the study of stratal geometries (or 'stratal architecture') provides support for 
Grenoble school's model of Urgonian stratigraphy (Fig. 3.16) (e.g. Jacquin 1989, 
Jacquin et al. 1991, Hunt 1992, Hunt and Tucker 1993, McDonough et al. 1992). 
However, many of these studies have used the Grenoble school's stratigraphy as their 
basis for biostratigraphic control and have collaborated or been co-authors in their 
sequence stratigraphic interpretations with the Arnaud and Arnaud-V anneau (e.g. 
Jacquin 1989, Jacquin et al. 1991, Hunt 1992, Hunt and Tucker 1994, McDonough et al. 
1992). Any extra validity these models give to the Grenoble school's biostratigraphy 
must therfore be qualified. For example, in the Vercors at the Urgonian platform margin 
both Jacquin et al. (1992) and Hunt and Tucker (1993) concur in interpreting high angle 
clinoform geometries as a general lowstand wedge corresponding to the Glandasse 
Formation of Arnaud and Amaud-Vanneau (1989) deposited during a relative sea-level 
fall that caused penecontempoaneous subaerial exposure of the platform-top in the Jura. 
According to the biostratigraphy of Clavel et al. (1987) these clinoforms are dated as 
lower Barremian basal Urgonian. Everts et al. (1992) has recently re-interpreted these 
clinoform geometries in the Archiane Valley exposure in the Vercors as highstand 
wedges, diagnostic of relatively high sea-level and a flooded platform-top, and that no 
lowstand systems tracts sediments were developed at the margin. This new 
interpretation is based on the high-energy, platform-top grain-type composition of the 
clinoform sediments. An interpretation of maximum clinoform progradation occurring 
during relatively high sea-level and a flooded platform-top fits better with the theorized 
'highstand shedding' of carbonate systems proposed by Mullins (1983) and that 
documented in the modem day Bahamas Banks (Droxler et al. 1983, Reijer et al. 1988). 
Differences in the sedimentary response of carbonate and siliciclastic systems to relative 
sea-level changes, with carbonates shedding most sediment to the basin floorslope 
during highstands of sea-level whilst maximum basinward sedimentation occurs in 
siliciclastic systems during lowstands of sea-level, was one of the main critisms of 
applying the Exxon school's sequence stratigraphic models to carbonate systems in the 
early 1990's (e.g. Schlager 1991, 1992). Conflicting interpretations of stratal geometries 
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or architectures may therefore provide support for either the Grenoble or Geneva 
Urgonian platform stratigraphic models. 
Evidence for the proposed subaerial erosional truncation at the top of the Pierre Jaune 
de Nechatel in the Jura is based by the Grenoble school solely on their interpretation of 
foraminiferal dating that indicates a strat1~rt~f'n1c. age "gap" in the succession. No 
observable erosional unconformity has been described at outcrop scale at this level in 
the existing literature. 
3.6.3 Summary 
In summary, the biostratigraphic disagreements between the Grenoble and Geneva 
schools remain unresolved. Two different models exist for the stratigraphic evolution of 
the Urgonian platform sensu lato with both schools maintaining theirs is the correct 
interpretation. Both schools present conflicting interpretations of biostratigraphic and 
stratal architectural evidence in support of their models. The profound differences 
between the two models have fundamental ramifications for the understanding of the 
sequence stratigraphic evolution of the Urgonian platform sensu lato throughout the 
Subalpine Chains of southeast France. 
3. 7 Existing Micro-facies Model of the U rgonian Platform 
In addition to the stratigraphic model of platform evolution outlined above, lateral 
facies models characterising individual sub-environments as traced across the early 
Cretaceous carbonate platform have also been produced (Figs. 3.17, 3 .18, 3.19 and 3 .20) 
(Arnaud-Vanneau 1980, Arnaud 1981, Amaud-Vanneau and Arnaud 1987) based 
principally on research in the southern part of the Subalpine Chains. The lateral ranges 
and abundances of carbonate grains across the carbonate platform are summarized in 
figure 3.17. They allow the platform to be differentiated into six broad biogeographic 
and environmental domains on the basis of the occurrence of twelve distinct facies 
assemblages as illustrated (FO-Fll) in Figures 3.17, 3.18 and 3.19. In addition to the 
twelve facies associations the restricted occurrence of the different species of benthic 
foraminifera across the platform may also be used as indicators of local sub-
environments (Fig 21a,b). 
The twelve facies assemblages are indicative of seven environment zones which are 
related to sea-floor depth (bathymetry) and their associated energy conditions (sunlight 
penetration and marine current strength), (after Peres and Picard 1959, Peres 1961, 
Arnaud 1981 ). The zoning of the sea-floor into these sub-environments is illustrated in 
Figure 3.20. The upper most four zones supratidal, mediolittoral, infralittoral and 
circalittoral fall into the photic zone penetrated by sunlight (Picard 1980), which is also 
sometimes called the phytal domain, whilst the lower three zones, the bathyal, abyssal 
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and hadal stages fall into the aphotic zone (Picard 1980), sometimes also called the 
aphytal domain (Peres 1961). The subdivisions ofthe aphotic zone used in the Urgonian 
facies associations of Arnaud-V anneau and Arnaud are defined as follows (after Peres 
1961): 
(1) The supratidal stage is 'characterised by populations withstanding only exceptional 
emersions'. 
(2) The mediolittoral stage is characterised by populations that are 'regularly subjected 
to alternating emersions and immersions (tidal zone)'. 
(3) The infralittoral stage 'beginning by exceptionally emerged levels and advancing to 
the lower life limit of marine phanerograms and dasycladacean algae (from 8 to 50 
meters according to the turbidity of the water)'. 
(4) The circalittoral stage 'found between the highest limit compatible with marine 
phanerogram or dasycladacean algae life and the deepest limit attained by the most 
sciaphilic algae (from 80 to 200 metres)'. 
Aphotic environments are characterised by greatly reduced sedimentation rates and 
are dominated by calacareous muds with any coarser sediment being imported by 
calciturbidites incursions. 
Lateral changes in microfacies compositions allow a natural continuation between an 
unconfined and oceanic deep-marine environment towards the margin passing into a 
more confined shallow-marine environment which experienced periods of emergence as 
traced into the internal platform. 
The twelve microfacies assemblages FO-Fll allow the lateral sub-division of the 
Urgonian platform sensu lato exposed in the more southern region of the present day 
Subalpine Chains into contemporaneous basin facies and outer (or external) and inner 
(or internal) platform facies. The lateral arrangement of these facies are shown in figures 
3.17, 3.18 and 3.19. (Arnaud-Vanneau, 1980, Arnaud 1981). A detailed description of 
these facies can be found in Arnaud-Vanneau et al. 1987. 
The basin facies of the more strongly subsident Vocontian basin and its hemipelagic 
margin are defined by biomicrites with Radiolaria and ammonites (FO) and biomicrites 
with sponge spicules (Fl). Outer platform or shelf facies include all the sediments 
deposited in open normal marine conditions which were liable to weak to strong 
hydrodynamic agitation. The outer slope of the external platform preserves biomicrites 
with Spatangidae (F2), biomicrites with echinoderm debris and small foraminifera (F3), 
biomicrites and biosparites with bryozoans and crinoids (F4), and biosparites with large, 
rounded Orbitolinidae and dasycladacean debris (F5). On the outer platform margin in 
the highest energy most hydrodynamically agitated water oosparite and bio-oosparites 
(F6), biosparites with corals (F7) and small reefs were deposited. Reefs were only ever 
slightly developed at the Urgonian platform margin never forming true barrier reefs. 
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The internal platform facies were deposited in protected shallow water environment 
which were occasionally emergent. Facies are characterised by fine-grained calcareous 
sediment rich in micritic debris. The inner platform can itself be further subdivided into 
outer and inner domains. The outer part contains facies that dominantly reflect near 
normal salinities and oxygenation resulting in a diverse and abundant fauna and the 
continued occurrence of echinoderms. Large rudists-rich biosparite-biomicrites 
associated with large foraminifera are the best developed most representative facies on 
the platform (F8). 
The inner part and marginolittoral domain experienced far more restricted circulation 
producing confined environments with hyposaline to hypersaline depositional 
environments which resulted in a much less diverse fauna. Far fewer species are present 
and echinoderms absent. Facies included biosparites-biomicrites with Miliolidae and 
rudists (F9), biosparites-biomicrites and oncolites and Bacinella (F 1 0), and mediolittoral 
to supralittoral facies exhibiting evidence of emergence. Other features indicating 
emergence such as vadose spar, keystone vugs, shell dissolution, and root moulds are 
grouped into facies F11. 
3.9 Benthic foraminifera as facies indicators 
Benthic foraminifera are not only important for biostratigraphic dating but may also 
assist in determining lateral changes in local depositional sub-environments within the 
platform. This reflects their abundance, diversity and restricted habitats. The facies 
distribution of benthic foraminifera has been described in detail by Arnaud-V anneau 
(1980), and Amaud-Vanneau and Darsca (1984) (Fig. 3.21a,b). Four foraminifera 
assemblages have been identified which may be diagnostic of palaeogeographic 
environmental domains during the Jurassic-early Cretaceous. These are: 
(1) Circalittoral outer shelf assemblages characterised by small (150rn,u to 200rn,u) 
agglutinated test-walled foraminifera (Gaudryina, Dorothia, Textularia), Miliolidae and 
Nodusariidae. 
(2) Infralittoral outer shelf (margin) assemblages are composed of at least one third cone 
shaped foraminiferas (Trochlina and Orbitolinidae) with the rest being large complex 
agglutinated foraminifera (Pseudocyclammina, Everticyclamina), or simple agglutinated 
foraminifera (Charentia, Nautiloculina) and large sized Miliolidae. 
(3) Inner shelf assemblages contain medium sized foraminifera (250 to 500rn,u) which 
are dominantly Miliolidae (50%) as well as the presence of Arenobulimina and 
Textulariidae. 
(4) Margine-littoral assemblages are dominated (60%) by thin-tested Miliolidae 
(Pseudotrochilina and /stricholoculina) 
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I .2. Trocholina sp. ; 3,4, Trochv.ma cf. alp ina (LEUPOLD & BIGLER)_; 5, Trocholina sp. A3 DARSAC ; 6, Trocholina elan-
gar a (LEUPOLD & BIGLER) ; 7. Trocholina sp. I DARSAC ; 8. Palorbirolina sp. ; 9, Paleodictyoconus cuvil/ieri (FOUR Y) : 10, 
Alpil/ina antiquo FOURY; II. Paracoskinolina sunnilandensis (I\1AYNC); 12, Paracoskinolina maynci (CHEVALIER); 13, 
Paracoskinolina cf. hispanica (PF.YBERNlOS) ; 14, Valdanchel/a cf. miliani (SCHROEDER) ; 1~. Cribellopsis sp. ; 16. Pfende· 
rina globosn FOL'R Y ; 17. Melalhrokerion valserinensis ARONNIMANN & CONRAD ; 18. 23, Naurilocu/ina cretacea PEYSER· 
:"tS ; 19, 24. Charenlia cuvillieri NEUi\IANN ; 20-25, Charemia nana ARNAUD-VANNEAU ; 2&-27, Arenobulimina comicu-
/um t\RN,\UD-V,\:-!NEAU; 21, Pfenderina neocomiensis (PFENDER). 
Fig. 3.2la Enviromental distribution of large benthic foramanifcra. Abundances for the Berriasian-
Valanginian arc shown unshadcd and for the Barremian-Bedoulian shaded. From Arnaud-Vanneau and 
Darasac 1984. 
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NEACU ; I5. Nummoloculina sp. ; 16, Quinqueloculina robusta NEACU ; 17, 22 Triloculina sp. ; I8, 23, Sigmoilina 
sp. : 20. Nummoloculina 7 ; 2I. Quinqueloculina sp. ; 24, Boli>·inopsis rhopaloide.s ARNAUD- VANNEAU ; 15, Tex-
tularia terragonica ARNAUD- YANNEAU ; 26, Textularia 7 sp. ; 27, Textularia cf. tetragonica ARNAUD-
VANNE.-\U ; n. 30, Gaudryfna tuchaensis ANTONOVA ; 29, Dorothia cf. praeoxycona MOULLADE ; 3 I, Dorothia 
cf. hauteriviana MOULLADE. 
Fig. 3.21b Enviromental distribution of large benthic foramanifcra.Abundances for the Berriasian-
Valanginian arc shown unshadcd and for the Barremian-Bedoulian shaded. From Arnaud-Vanncau and 
Darasac 1984. 
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Whilst the use of benthic foraminifera to assist m diagnosing depositional 
environment appears useful they have several limitations. The identification of 
individual foraminifera is difficult to non-specialist palaeontologists. Foraminifera are 
especially difficult to differentiate in thin-section were they may be viewed in many 
different cross-sectional orientations. In this study mixed assemblages of inner and outer 
plaform benthic foraminifera also indicate a significant degree of reworking by marine-
currents or gravitational processes that limits their usefulness as facies indicators. 
3.10 Limitations of Existing Urgonian Facies Models. 
The lateral facies models outlined above, whilst providing a useful starting point to 
this present study have several limitations. They are derived mainly from field studies in 
the southern parts of the Subalpine chains (V ercors, Chartreuse) and Jura where the 
platform is classically interpreted as being of rimmed-shelf type with a pronounced shelf 
break (Arnaud 1981, Arnaud-V anneau 1980). In the region of this present study (Borne 
and Aravis) initial stratal geometries indicate a low-angle ramp-type platform and so 
significantly different facies associations might therefore be expected. 
More fundamentally, the models outlined above are firmly rooted in the static 
carbonate facies models which remained prevalent until the late 1980s. A more dynamic 
appreciation of spatial and temporal changes in shifting facies assemblages is now 
required to take account of fluctuations in relative sea-level and commensurate changes 
in carbonate production (Chapter 4). Different facies assemblages might be expected to 
occur at similar spatial and geomorphic positions within the platform (i.e. similar 
bathymetry, distance from the shore etc.) related to their temporal position within a 
seaward (regressive) or landward (transgressive) stepping stratal package. McDonough 
et al. (1992) have related changes in facies in the Urgonian platform sensu lata in the 
Vercors, to their temporal position within a third-order cycle of sea-level change. 
Landward-stepping facies are sedimentologically characterised well- sorted, very fme to 
fine-grained peloidal packstones and minor grainstones with micritised skeletal grains 
whereas seaward-stepping unit facies are characterised by poorly-sorted, coarse-grained 
bioclastic grainstones with lower quartz contents than their landward stepping 
counterparts. 
3.11 Summary 
There currently exist two conflicting models for the evolution of the Urgonian 
platform sensu lata based on different palaeontological interpretations of 
biostratigraphical dates and of stratal architectures exposed in the field. 
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The Geneva model maintains the tradition that existed up to the late 1980s of 
Urgonian deposition representing continuous marine sedimentation and platform 
progradation across the Jura platform into the Dauphinios basin. According to the 
Geneva model the Urgonian platform sensu lata is dated as ranging from lower 
Hauterivian to Lower Barremian as traced from the Jura platform into the Daupiniois 
basin. The Grenoble model moves away from the idea of Urgonian deposits representing 
a continuous record of unbroken sedimentation in the Jura and Daupinois and places 
sedimentary deposition within a dynamic framework of relative sea-level changes in-
line with more recent sequence statigraphic theory. The Grenoble model dates the 
Urgonain platform sensu lata as Barremian to early Aptian. 
Strong arguments have been presented in support of both the Grenoble and Geneva 
models. Both models have strengths and weaknesses. Recent sequence stratigraphic 
interpretation using stratal geometries and stratal terminations patterns (Jacquin et al. 
1991, Hunt 1992, Hunt and Tucker 1993) appear to support the interpretation of the 
Grenoble school (Amaud-Vanneau and Arnaud 1990, 1991). However, more recently 
these interpretations of stratal architectures have themselves been questioned by Everts 
et al. (1992) on the basis of sediment composition. The latest biostratigraphic data by 
contrast appears to support the Geneva school's model (Schroeder et al. 1989, Busnardo 
et al. 1991, Clave} et al. 1992, Clave} et al. 1994 (a) and (b) Charollais et al. 1994). 
Depending upon which interpretation is followed the Urgonian platform sensu lata of 
SE France can be used to justify diametrically opposing views on the validity of the 
application of sequence stratigraphy to carbonate systems. Jacquin et al. 1991 cited it as 
a classic example of an ancient carbonate platform conforming to the sequence 
stratigraphic paradigm exhibiting 'lowstand shedding' (Jacquin et al 1991). But 
following the interpretations of Clave} et al. 1992 and Everts et al. 1992 an entirely 
opposite conclusion can be drawn with maximum progradation occurring during a 
relatively high stance of relative sea-level highlighting the divergence of carbonate 
systems from the Exxon sequence stratigraphic paradigm. The Geneva school's model of 
Urgonian platform sensu lata progradation matches more closely the documented 
behaviour of Recent (Pleistocene) carbonate systems (e.g. Droxler et al. 1983, Reijmer 
et al. 1988 ). 
No erosional subaerial unconformity surface has been described at outcrop scale 
.... 
above the Pierre Necha.tel Formation in the Jura coincident with that infev@d by the 
Grenoble school from their foraminifera based biostratigraphy even though in their 
model this represents a major subaerial exposure event. However, other exposure 
surfaces (with the exception of that at the top of the Urgonian Formation) are not well 
preserved at outcrop scale, probably reflecting the prevailing arid climate (Deconinck 
1984, Ferry and Rubbino 1989, Ruffel and Batten 1990). 
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The controversy over which stratigraphic model is correct currently remains 
unresolved. 
Facies models for the Urgonian platform sensu lato are for a rimmed shelf type 
platform. They follow the concept of "fixed facies belts" which do not take into account 
the possibility of temporal facies changes occurring in similar geomorphic platform 
positions in response to environmental and relative sea-level changes. However, they 
provide a useful starting point for facies analysis in this present study. 
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Microfacies Analysis Methodology 
4.1 Introduction 
This chapter critically accesses the methods for microfacies analysis and outlines the 
approach and methods employed in this study for the microfacies analysis of the 
Urgonian platform sensu /ato. Whilst in recent times much progress has been made in 
the recognition and description of individual skeletal and abiogenic grain-types and 
diagenetic fabrics from the microscopic study of thin sections and acetate peels there has 
not been a ·comparable advance in the development and application of analytical 
techniques to process this wealth of petrographic data in an integrated way. The use of 
standard facies belt models and their derivatives (e.g. Wilson 1975, Amaud-Vanneau et 
al. 1987), combined with the use of three-point diagrams to identify facies assemblages, 
remains the norm in most carbonate microfacies studies. However, standard facies 
models characterised by static fixed compositional facies belts assigned to particular 
geomorphic positions within platforms do not adequately model potential temporal 
shifts in facies spatially within the platform and modifications in carbonate allochem 
production caused by fluctuations in relative sea-level and other environmental changes. 
In this study computerisedoptimized Jaccard similarity coefficient matrices have been 
extensively used to assist in the environmental and microfacies analysis of 
petrographically-derived compositional data from limestone samples (Hennebert and 
Lees 1985, 1991). The theory behind the use of computerised optimized similarity 
matrices and the compositional variables selected for inclusion in the analysis for this 
study are described in this chapter. 
Of the 1,971 field specimens collected 728 have been examine under the microscope 
(370 thin-sections and 358 acetate peels) to determine limestone composition, 
sedimentary textures and early diagenetic fabrics to assist environmental interpretation. 
Modal estimate charts were used to determine abundances of individual constituents in 
each limestone sample (Appendix A). A total of 18,200 modal estimates of individual 
components (grain-types) in the sample suite were made. 
4.2 Limestone nomenclature 
Limestones were classified using a modification of Dunham's (1962) textural 
terminology. Most of the samples fall into one of the classes, grainstone, packstone, 
wackestone or mudstone. The remaining specimens were more difficult to classify 
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because of the presence of small-scale heterogeneity and were thus given a hybrid name 
encompassing the range oftextures present (e.g. wackestone-grainstone). 
4.3 Sample preparation for microscope examination 
4.3.1 Thin sections 
Initially standard thin sections (30Jlm thick, 3 x2 and 2·x1 inches in area) of collected 
field specimens were prepared for microscopic examination to determine limestone 
composition, textures and fabrics. However, it became apparent that the rate of 
preparation and supply of thin sections at Durham Department of Geological Sciences 
was much too slow to provide an adequate number of thin sections for the type of 
comprehensive regional facies analysis that was required for this project, even with the 
selective sectioning of the collected suite oflimestone samples. To overcome this major 
logistical problem, a large number of high-quality acetate peels were prepared. 
4.3.2 Acetate Peels 
Acetate peels were prepared from specimens cut into pieces using a circular saw to 
produce a flat surface prior to polishing. The chosen surface was polished first using 400 
and then 1 000 F carborundum powder to provide a smooth surface preparatory to being 
etched with acid. Initially different acids and etching times were experimented with to 
determine which gave the best results, bringing out the greatest amount of surface detail. 
The etching reagents used were glacial acetic acid (CH3.COOH 36% by volume) or 
hydrochloric acid (HCl 36% by volume ). The acid was diluted with distilled water in a 
small plastic acid resistant tray to produce a five percent by volume acid solution. 
Etching was carried out by totally immersing the specimen in the acid with the polished 
surface uppermost to prevent effervescent gas bubbles adhering to the prepared surface 
causing an uneven etch. For larger samples were this was not possible the etched surface 
was held face down in the acid and gently swirled to remove bubble trains from forming 
. on the polished surface. Immersion or etching times were initially varied incrementally 
between 20 to 70 seconds. After an initial trial batch of samples it was found that HCl 
and etching times between 30 to 35 seconds, depending on the observed vigour of the 
acid-rock reaction, produced the best results giving the greatest degree of textural clarity 
and detail on the peels. Thereafter all further specimens were prepared using these 
values. A secondary written record of specimen sample labels was kept during etching 
as the reaction with the acid frequently removed the numbers written in indelible marker 
pen on the specimens themselves. Specimens had their numbers reapplied following 
washing and drying. 
68 
Microfacies analysis methodology 
After the acid bath the specimens were immediately washed in a second bath of slow 
running de-ionised water to stop the acid reaction. De-ionised water was used in 
preference to 'tap' water to prevent possible residues forming on the etched surface due 
to hard water ions present in 'tap' water. Samples were then dried in a stream of hot air 
rather than allowed to dry naturally. Ibis speeded up the process and allowed less time 
for dust to settle or other potential damage to occur to the exposed delicate etched 
surface. 
The samples were then secured with plasticene with the prepared surface uppermost 
and tilted off the horizontal by just a degree or two. The etched surface was flooded with 
acetone and a piece of acetate film gently place across the surface starting at the slightly 
lower margin of the specimen where a small pool of acetone collects due to the slight tilt 
of the sample, before pushing the excess solvent in front of the film as it is gently 
flattened against the etched surface. The acetate film was quickly drawn down and fixed 
onto the etched surface as evaporation of the acetone begins after a few seconds and 
excess acetone escapes from the edges of the specimen. Evaporation of excess acetone 
was hastened by gently blowing at the edges of the sample. After between 30-60 
minutes all the acetone was completely evaporated and the peel pulled off the etched 
surface. Following trimming of the excess films at the edges of the peel, the peels were 
mounted between two sheets of (3' by 2' inch) thin section glass held together with clear 
plastic adhesive tape at the edges (traditional'cellotape' was found to be unsuitable as it 
tended to dry out and become brittle) to hold them flat ready for microscope 
examination and prevent them from being damaged. 
The preparation of acetate peels has the advantage that it is relatively rapid and it is 
easy to become proficient at so that good quality peels can be prepared almost 
immediately. It also allows preparation of large areas of the specimen for examination 
only limited by the size of the sample themselves. However, there are also several 
limitations to their use for microfacies analysis. Acetate peels do not preserve the optical 
integrity of minerals. They do not permit the use of cross-polarised light under the 
microscope which can be a useful tool in observing the internal structure of skeletal 
grains which may assist grain-type identification. In most cases external grain 
morphology and internal skeletal grain structure observable in plane polarised light was 
sufficient to classify grain-types. Similarly, acetate peels do not allow the use of CL or 
ultra-violet light to aid the interpretation of cement fabrics. 
The main limitation of acetate peels which was problematic turned out to be not in 
identifying skeletal grains but in differentiating between detrital quartz grains and 
diagentic dolomite in some instances. Quartz and dolomite are easily distinguished in 
cross-polarised light, with quartz displaying low order mid-grey interference colours, 
and dolomite exhibiting higher-order interference colours. 
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Quartz and dolomite proved more resistant to acid etching than the carbonate portion 
of the samples and also adhered less well to the acetate film. They could therefore 
appear very similar as poorly-defmed grains on the acetate peel, especially where 
dolomite did not display good rhombic crystalline morphologies. Where dolomitization 
was extensive it was fairly routine to distinguish due to its mosaic pattern and/or clear 
partial replacement of other component grains destroying original sedimentary texture. 
Dolomite was less easy to differentiate from quartz when it occurred as finer grains and 
in smaller amounts ('speckled dolomite'), or where dolomite and quartz may have been 
both present in the same specimen. As the presence or absence of quartz is an important 
element in the facies analysis of the Urgonian platform sensu lato, being a potentially 
highly significant environmental energy indicator, possibly signalling relative sea-level 
falls and frequently occurring at palaeokarstic subaerial exposure surfaces, or conversely 
marking significant episodes of platform 'drowning', it was important that its presence 
could be reliably detected. 
One possible way to help differentiate between quartz and dolomite when using 
acetate peels is the use of dolomite sensitive chemical stains during the echoing stage of 
preparation. An acidic solution of Alizarin Red-S with Potassium Ferricyanide 
(Dickinson 1966) preferentially stains ferroan dolomite a pale to deep turquoise colour 
whilst leaving quartz unaffected. However, the stain is unable to identify non-ferroan 
dolomite from quartz and so provided an unsatisfactory solution to this problem. 
4.4 X-Ray Diffraction 
X-ray diffraction (XRD) (for methodology see Hardy and Tucker 1989) was used as 
another method for rapidly differentiating between quartz and dolomite. As powdered 
samples can be drilled from selective areas of a single sample, guided by microscope 
examination of the acetate peel, it was especially helpful in the analysis of suspected 
sediment infills occurring at palaeokastic dissolution surfaces where quartz might be 
expected. Samples could be analysed from around the edge of such 'infills' where quartz 
would be most likely to have been preserved at a palaeokarst. X-ray diffraction was 
carried out using a Philips 3KWPW1130 Generator/ Diffractometer using a cobalt 
nickel (Co Ka) radiation source. A goniometer scan speed of 1° per 20mm and detector 
speed of 1 Omm per minute was used over a range of 28 angles between 20°- 41 ° which 
covered the range of all potential peaks in 28 for quartz and dolomite. Quartz produced 
reflection peaks in terms of angles of 28 at 26·8°, whilst dolomite gave peaks at 30·8° 
and 3 7 · 3 o. Peels were carefully examined prior to using XRD on a sample to ensure any 
quartz detected was of detrital origin and could not have been attributed to another 
source such as from silicification of skeletal grains. Silicification of skeletal fragments 
which was not uncommon in the Urgonian platform sensu lato. In some instances the 
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only way to discriminate reliably between quartz and dolomite was to make a thin 
section in addition to the original acetate peel. 
4.5 Microfacies and standard microfacies 
4.5.1 Introduction 
"Microfacies" is defmed as the "total of all palaeontological and sedimentary criteria 
which can be classified in thin section, peel and polished slabs" (Flugel 1982). 
However, whilst a range of features preserved in limestones, such as grain size, sorting, 
roundness, sphericity, sedimentary structures and early and syndepositional diagenetic 
features, can be used to assist environmental interpretation, it is the composition and 
identification of grain-types and their distributions which is probably the single most 
important source of information in establishing palaeo-depositional setting. 
4.5.2 Granulometry 
Such features as individual grain-size, shape and sedimentary sorting are less relevant 
in carbonate depositional systems than in their siliciclastic counterparts. Carbonate 
deposits may accumulate in situ or by resedimentation. Differences in carbonate skeletal 
grain-size are therefore not in the main controlled by transportational sorting or abrasion 
but are instead related to the range of growth morphologies and sizes of individual 
organisms at their time of death and the ratio of juveniles to mature organisms in any 
population. 
The propensity for in situ biological erosion of grains over mechanical erosion in 
carbonates is also an important factor in determining grain-size. The style of postmorteM 
disarticulation of skeletal organisms into their individual fossil hard part components as 
ligament and muscle soft parts decay will also be a highly significant influence on grain-
size. Different calcareous organisms have different skeletal architectures and will 
therefore disarticulate in different ways. 
Nutrient supply and hydrodynamic energy level, and possibly also the degree of sea-
water oversaturation with respect to CaC03 may also be major factors in determining 
skeletal grain-size. Intuitively it might be expected that high nutrient supply would 
coincide with maximum growth size of skeletal organisms. However, this is not always 
the case and high nutrient levels may in fact inhibit organism growth e.g. corals 
(Hallock and Schlager 1986). Using grain-size as an indicator of nutrient supply is most 
meaningful when undertaken for organisms with univalve skeletons whe~e postf1\C,J~ 
disarticulation is not an issue. One of the few skeletal grain-types to forefill this criteriQn 
are benthic foraminifera. The presence of relatively large foraminifera may suggest high 
nutrient levels whilst smaller forams indicate lower nutrient levels. However, in 
actuality the controls an foraminifera size are complex. The growth of large foraminifera 
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is favoured by algal symbiosis (Haynes 1965, Ross 1974, Lee et al. 1979), often 
associated with hermatypic coral reefs and other related oligotrophic carbonate 
depositional environments. Algal symbiosis is especially energetically advantageous for 
foraminifera experiencing nutrient deficient environmental conditions (Hallock 1982). It 
has been postulated that in nutrient deficient stable but stressful (especially relatively 
low light for symbiosis) environments foraminifera maturation and sexual reproduction 
may be delayed (hypomorphosis ), allowing foraminifera to growth to large sizes prior to 
producing large juvenile tests during asexual reproduction (Hallock 1985). Large 
foraminifera therefore appear to favour nutrient poor conditions towards the extremes of 
a species environmental range (Bryan in press). Consequently minor environmental 
changes may cause abrupt extinction of large foraminifera (Hallock 1985). Mixed 
biomodal populations of mature large and small benthic foraminifera may indicate the 
nearby presence of reefs or banks causing a range of nutrient availability reflecting lee 
and stoss environmental niches (pers. comm. Dr. Esmeralda Caus), occurring locally to 
one another. Bimodal foraminifera populations may alternatively be explained by 
sedimentary reworking (Arnaud-V anneau et al. 1987). The example of variations in 
foraminifera size highlights the difficulties in interpe th....,"(}· · environmental significance 
on the basis of changes in grain-size in carbonate depositional environments. 
4.5.3 Standard microfacies belts 
Defining facies is often largely based on the presence of one or more significant 
allochems (or 'assemblages'). Typically these may be skeletal grains of environmentally-
sensitive organisms with a limited range of environmental tolerance and delicate to 
environmental changes which 'stick out' from the 'background' of ubiquitous more 
environmentally-tolerant and 'hardy' skeletal organisms. Environmental ranges of 
ancient skeletal organisms are largely determined from analogies with the preferred 
habitats and environmental tolerances of their modem-day carbonate-secreting relatives. 
Abiogenic grains may also be used to assist in identifying facies although their 
environments of origination tend to be more wide ranging. Facies identification is 
therefore often very qualitative with different parameters being given different degrees 
of significance. 
Particular facies assemblages have been formalised into 24 'universal' Standard 
Microfacies (SMF) which may be correlated to 9 Standard Facies Belts (Wilson 1975 
from a concept by Fliigel 1972) indicative of depositional environments. SMF provided 
a measure by which all new data can be rapidly compared to give an indication of 
palaeo-environments. 
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However, there are many exceptions where the SMF are unsuitable, with some SMF 
potentially occurring in more than one facies belt (Flugel 1982). The limitations of the 
SMF approach reflects: 
(I) The broad range of carbonate depositional settings including ramps and rimmed 
shelves. 
(2) Changes in the dominant types of carbonate secreting biota through geological 
time as new forms replace extinct ones. 
(3) Migration of carbonate-secreting organisms from their original habitats into new 
areas due to environmental adaptation and/or the demise of previous ecological 
competitors. 
( 4) The universal nature of SMF requires their definitions to be broad -based, reducing 
the degree of refinement to any particular geological period or depositional situation. 
(5) The temptation to fit the data to the SMF system rather than the other way round. 
( 6) The fixed and static nature of facies assemblages to particular geomorphic 
positions within the platform that does not take into account the influence of temporal 
changes in relative sea-level on facies composition or arrangement within the platform. 
The spatial arrangements and compositions of facies within a carbonate platform will 
reflect variations in carbonate production type and "factory" size related in large part to 
the stance and nature of relative sea-level changes. Thus different facies assemblages 
may exist at similar geomorphic platform positions (e.g. similar bathymetries or 
positions from the shore-line or shelf margin) at different times within a cycle of 
fluctuating relative sea-level i.e. relative sea-level transgression or regression. Facies 
development must therefore be related to their temporal position within a cycle of 
relative sea-level change as represented in part by their position within platform stratal 
geometry and packaging e.g. onlapping stratal landward stepping geometries- relative 
sea-level transgression, or offlapping seaward stepping geometries- falling relative sea-
level. Microfacies assemblages must therefore be redefmed and tailored to each 
individual depositional setting and temporal position with a cycle of relative sea-level 
change. This frequently requires the definition of new facies associations and 
assemblages. It may be useful to identify "gradients of environmental changes" 
preserved as transitional "relays" charting gradual changes in sediment composition in 
response to environmental changes including transgressive or regressive relative sea-
level cycles, rather than the often artificial and arbitrary sub-division of temporal and 
spatial shifts in sediment-type _into "fixed" facies assemblages. (see section 4.6 below) 
The pre-existing facies models described in Chapter 3 for the Urgonian sensu lato are 
essentially "fixed facies" models and these do not take account of shifts in facies related 
to fluctuating relative sea-level. Furthermore, they are based on the southern part of the 
Urgonian platform sensu lato which appears to be of uniformly rimmed shelf type. In 
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the northern Subalpine Chains the Urgonian carbonate platform is commonly held to be 
of ramp type. Although these models are much more relevant to the present study than 
the SMF these factors necessitate attempts to produce a new facies model for the 
platform exposed in the study area of this project. This has required the examination of 
the new petrographic data set gathered from field samples to identify facies assemblages 
more apposite to the Urgonian sensu lato exposed in the northern part of the Subalpine 
Chains, within a dynamic framework of fluctuating relative sea-level. 
4.6 Data analysis- identifying microfacies assemblages 
There are several methods for analysing large data sets such as that involved in this 
study to help define microfacies assemblages characteristic of depositional environment 
based on the occurrence, distribution and abundance of constituent grain-types in the 
rock record both stratigraphically and geographically. These methods either identify the 
occurrence of statistically significant groupings in constituent grain-types relative to one 
another, or between samples, to define populations or biofacies diagnostic of 
depositional environment. 
Perhaps the most commonly adopted technique for identifying sample groupings 1s 
the graphical use of three-point diagrams or 'triangular diagrams'. Thre_e-point diagrams 
allow the plotting of each specimen as a single point in a 2-dimensional area defined by 
the modal abundance of any three chosen rock constituents (grain-types) common to a 
suite of samples. Each of the chosen constituents is expressed in terms of its modal 
abundance in a ratio relative to the other two components which combine to add up to 
I 00 percent. This technique graphically highlights groupings of samples with similar 
modal abundances in areas where there is an increased density of sample plots. These 
groupings may then be interpreted as reflecting similar environmental controls and 
therefore be defined as representing a common depositional setting. This method, 
however, has some fairly obvious limitations. The number of parameters under 
consideration at any one time defining the data set is artificially limited to three for no 
good reason other than as a facet of the graphical technique. A cursory examination of 
the data set may suggest that more than this number of parameters are likely to be of 
environmental significance. Furthermore, whilst examining the relationship which exists 
between each of the three selected parameters it ignores the potentially different 
relationships which each of the analysed constituent may share with the remaining 
unused components in the data set and which may also be environmentrursignificant. 
The arbitrary choice of which parameters are utilised in this type of analysis is therefore 
very subjective and may colour environmental interpretation. This technique also relies 
upon the assumption that the data set can be differentiated into separate unrelated 
groups reflecting abrupt environmental changes and is unable to detect or differentiate 
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gradual modal shifts in composition that may result from gradual continuous changes in 
depositional environments. 
Other computer-based statistical methods exist which overcome these short falls by 
allowing the simultaneous examination of the whole range of parameters at the same 
time. They include cluster analysis, factor analysis and multivariate analysis (Davis 
1986). Although still not commonly used in the environmental interpretation of 
carbonate data suites, there do exist some examples of case studies applying these 
techniques e.g. Smosna and Warshauser 1979, Leeder 1974. Many of these techniques 
rely on the use of parametric statistical methods, that is they specify some condition 
about the parameters in the population, in these cases magnitude as expressed by modal 
abundance. They therefore rely upon a high degree of accuracy in grain-type modal 
determination. This is potentially reduced in instances were some grain-types cannot be 
unambiguously differentiated from one another with a high degree of confidence, 
although their presence or absence can be established with more certainty by studying a 
range of grains within the specimen. For example it can be difficult to differentiate 
between calcitic bivalves and impunctate calcitic brachiopods, micritised grains or 
faecal pellets etc. (see section 4.8). The degree of diagenetic grain alteration can also 
hinder positive grain identification, as may bioerosion. This can be problematic when 
using quantitative statistical methods where modal 'closure' to 100 percent is required 
for each sample. It may lead to an inflation in modal abundance in one grain-type at the 
expense of underestimating another. Alternatively it can result in a disproportionately 
large number of grains being classified as problematica. This may cause an 
unacceptable margin of uncertainty in modal abundances potentially leading to spurious 
groupings of samples. 
Furthermore, these techniques tend to categorise the data set into discreet groupings 
totally unrelated to one another. This is a permissible interpretation where compositional 
changes in grain-type can be viewed as occurring in relatively discreet steps in response 
to abrupt environmental changes either geographically or stratigraphically to produce a 
disjointed compositional gradient (Fig. 4.1(1)). This scenario is that assumed in the 
"fixed" facies approach of standard microfacies. 
However, this is not always the case in carbonate depositional systems where 
compositional changes are characterised by a steady continuous systematic shifting of 
the relative importance of the component grain-types either spatially and/or through 
time (Fig. 4.1 (2)). Such progressive shifts in composition form a continuous 
evolutionary gradient which has been termed a 'relay'. (Hennebert and Lees 1985). 
Although sedimentary composition at one end of the relay may have no grain-types in 
common with the other end there is no discontinuity in the variation between them. 
Relays can be present stratigraphically or geographically. The presence of a relay in 
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grain-type composition can normally be related to changes in environmental factors 
which are essentially continual, effecting organism ecology and grain production and 
dispersal. Such environmentally-driven gradients reflected in sediment composition are 
commonly, although not exclusively, unidirectional and continuous (Hennebert and 
Lees 1991). Breaking down relays into more traditional microfacies groupings or 
environmental'snap-shots' is purely arbitrary. Relays in sediment composition reflecting 
transitional changes in depositional setting have been detected occurring across modem 
carbonate depositional systems e.g. Baie de Levrier, Mauritania (Koopman 1979), and 
stratigraphically in ancient depositional systems e.g. Dinantian Limestone, Southwest 
Britain (Hennebert and Lee 1985). 
Relays might therefore be expected to be well developed for carbonate ramps where 
environmental changes are transitional rather than abrupt. In other depositional settings 
such as rimmed carbonate platforms it might be anticipated that more than one relay be 
developed across the system with a different relay being developed seaward and 
windward of the high-energy margin in response to penecontemporaneous differences in 
environmental gradients. The detection of the presence or absence of one or more relays 
is therefore potentially highly pertinent to the environmental interpretation of the 
Urgonian platform sensu lato potentially corresponding to cycles of relative sea-level 
change or other environmental changes during deposition. 
Relays in sedimentary composition cannot be identified using conventional three point 
triangular diagrams as they are not represented as distinct isolated groupings but as 
gradual compositional shifts. Three-point plots which appear to show random 
overprinting patterns of data points with no discreet clusters would classically be 
interpreted as indicating no environmental link between the three variable parameters 
but may in fact hide a compositional relay of shifting composition. 
The detection of relays involves the simultaneous analysis and ordering of the whole 
data set at one time. This involves 'ordination' (or ranking) of the data set. The use of 
ordination methods for identifying relays in geological data sets for reasons of 
environmental interpretation is relatively new (Koopman 1979, Piessens 1979, 
Hennebert and Lees 1985 and 1991). However, there exists a long history oftheir use in 
other branches of science e.g. anthropology (Czekanowski 1909), ecology (Kulczynski 
1927), phytosociology (Gauch 1982, Greig-Smith 1983, Kershaw and Looney 1985) and 
palaeoecology (Pielou 1979, Brown and Kile 1988). More recently ordination 
techniques have tended to be neglected as other statistical methods of identifying 
groupings within data sets have been developed and come to the fore. 
Ordination methods use coefficients which give a measure of similarity in sample 
composition between all the parameters within a data set. These can be represented by 
ordering the components into a matrix where samples or components are placed next to 
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Facies A 
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Fig. 4.1 (I) Schematic illustration of traditional division of depositional environments into discreet 
populations or facies, geographically or stratigraphically (rotate the figure through 90°), based on the 
discontinuous distributions of grain-type abundance (the choice of normal distributions is arbitrary) in 
response to abrupt and discreet changes in environmental conditions. (2) Sketch of relative abundance 
of distribution of five grain types (the choice of normal distributions is arbitrary) along part of an 
environmental gradient forming a "relay". The gradient may be lateral (e.g. across an area of modern 
sediment) or stratigraphic (rotate the figure through 90°). Note that although the sediment at one end 
of the gradient has nothing in common with the other, there is no discont inuity in the variation 
between them. 
77 
A 
8 
c 
D 
E 
Microfacies analysis methodology 
~---> 
a 
a 
b 
c 
d 
e 
f 
g 
b 
a 
b 
c 
d 
e 
f 
g 
c 
d 
e 
f 
g 
a b c 
1 .71 .50 
. 71 1 .71 
.50 .71 1 
.33 .50 .71 
.20 .33 .50 
.09 .20 .33 
0 .09 .20 
a b c 
I 
[ 
·[ 
c 
c: 
d e f g 
.33 .20 .09 0 
.50 .33 .20 .09 
. 71 .50 .33 .20 
1 .71 .50 .33 
. 71 1 . 71 .50 
.50 .71 1 . 71 
.33 .50 .71 1 
d e f g 
---
--:J 
":J 
J 
I 
[~ 
Fig. 4.2 Schematic illustration of the relay effect on sediment composition (after Hennebert and Lees 
1985). A. Environmental gradient. B. Distribution of grain-types in presence/absence terms. C. 
Sampling points. D. Matrix of Jaccard similarity Coefficients based on data in (B). E. Graphical 
display of matrix. See text for discussion. 
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those which are most 'similar'. However, when ordination techniques are used for 
sample-to-sample comparison within suites of specimens the resultant matrices may 
become very large (e.g. Appendix F). The method of ordination utilised in this study 
uses two software packages SedUtil and JaccMat developed by Hennebert and Lees 
(1985), which were run on an IBM compatible ECO-scan15 microcomputer, for the 
optimisation of a matrix of Jaccard similarity coefficients. The technique uses non-
parametric binary data based on the presence or absence of a grain-type in a sample. 
Modal information although recorded (Appendix A), is therefore not required and this 
eliminates the problems of equivocal grain identification distorting modal estimates. It 
also has the advantage that it allows for all the defined components in the data set to be 
included in a single analysis, removing the need for subjective selection of grain-types. 
4. 7 Optimized similarity coefficient matrices 
4.7.1 Similarity Coefficients/ Jaccard's Coefficient 
Optimized similarity coefficients have been used in this study to assist in identifying 
similarities between samples to aid facies description and to search for compositional 
relays between parameters caused by environmental changes. 
There are essentially two types of similarity coefficient, those which take into account 
the occurrence of double absences (both components being absent from the sample), and 
those which do not. It is frequently the case that the data set may contain many such 
double absences when comparing the relationship which exists between grain-types and 
it is therefore useful if double absences (zeros) are excluded from the analysis. 
Otherwise, the calculated similarity between two grain-types will appear artificially 
higher the greater the number of samples which contain neither component. 
There are many similarity coefficients using binary data which ignore double absences 
but the most commonly applied, and that used in JaccMAT, is the Jaccard coefficient of 
community (Jaccard 1908) or Jaccard's Coefficient. 
To calculate the degree of association (Jaccard's Coefficient, Sja,b) between any two 
component grains, a and b, in a suite of samples the following algorithm is used: 
Sja,b A . 
A+B 
Where A= the number of co-occurrences of component a and b in the suite of samples, 
and, 
B= the number of occurrences of a and b only in the suite of samples. 
The coefficient varies between 0 and 1 (although these are expressed between 0 and 1 00 
using JaccMat to avoid using fractions), such that: 
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Sja,b = 0 when a and b are never associated, and 
Sja,b = 1 when a and b are always associated with one another. 
The nearer the value of Sja,b to one the higher the likelihood of the grains occurring 
together in any one sample. 
The algorithm is repeated for all grain-types in a data set and the resultant values of 
Jaccard's coefficient presented in a similarity matrix. This procedure is best shown by 
recourse to an illustrative example. 
Figure 4.2 shows the influence of an imaginary environmental gradient ( 4.2.A) 
(reflecting changes in salinity, water. temperature, nutrient supply etc.) in producing a 
relay in sediment composition. The environmental gradient could express coeval facies 
variations geographically across a depositional system or through time in a stratigraphic 
succession. From the distribution of the different component grain-types a to e (Fig. 
4.2.B) determined using an imaginary sampling scheme (Fig. 4.2.C) the matrix of 
Jaccard's coefficients between parameters a to e can be calculated. For example for 
grain-types 'a' and 'b', A=5 and B=2 (Fig. 4.2.B), hence: 
S·t I 'b' = 5 = 0 ·714 J a, 
5+2 
All the values of Jaccard's coefficients are presented in a matrix (Fig. 4.2.D). In this 
imaginary example the matrix is already symmetrical with the values of similarity 
coefficients decreasing away from the diagonal running from the top-left to bottom-
right of the matrix. The degree of association between grain-types decreases as the 
distance between them along the relay increases and Jaccard coefficient gets smaller. 
When this occurs the matrix is said to be 'optimized'. The matrix can be represented 
graphically by expressing Jaccard's coefficients as vertical bars in proportion to their 
magnitude and joining them laterally using lines to provide a single visual image of 
Jaccard's coefficients for each grain-type. This makes interpretation considerably easier 
(Fig. 4.2.£). 
4. 7.2 Matrix optimisation 
For the purposes of the previous illustration the relay was engineered at the beginning 
so that the resulting matrix was already perfectly ordered or 'optimized' without need of 
further manipulation. When using similarity coefficients determined from a data set 
which represents an actual situation, this is unlikely to be the case. To determine if a 
relay exists between component grain-types or samples, the matrix must be 'optimized', 
that is arranged in such a way that individual grain-types or samples lie adjacent to those 
with which they have the greatest similarity. Optimisation of the matrix involves the re-
ordering of the grain-types or samples in the rows and columns so that the greatest 
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number of high values of coefficient of association are situated nearest the diagonal 
traced from top-left to bottom-right. 
Because of the large nature of the data sets in this study it is impractical to optimise 
similarity matrices manually e.g. the number of possible matrix permutations for N 
grain-types or specimens is the factorial of N. However, an analytical method for 
optimising the initial matrix exists (Beum and Brundage 1950). This involves a number 
of steps and the resulting algorithm is as follows: 
(1) Calculate the sum of the terms in each column(=) 
(2) Multiply (weight) each term in the matrix by the order number of the row in which 
it originally lies (i.e. x 1 for those in the top row, x 2 for those in the second row etc.): 
(3) Calculate the sum of these weighted terms in each column (=weighted sum): 
(4) For each column, divide the weighted sum (3) by the column sum (1) to obtain the 
average weight: 
(5) Arrange the average weight in numerical order (either ascending or descending); 
(6) Re-arrange the original matrix using the order thus obtained (i.e. if ascending order 
is chosen: move the column with the lowest average to the extreme left of the matrix 
and the corresponding row to the extreme top; move the next ranking column into the 
second column to the left and the corresponding row into position 2 from the top; and so 
on). 
This process is repeatedly performed until the resulting matrix is the same as that 
achieved in the preceding operation and optimization is considered completed. This 
algorithm has been developed into the computer package JaccMat (Hennebert and Lees 
1985. Lees and Miller 1985, Lees 1989) which allows very rapid optimisation of 
similarity matrices and has been extensively applied in this study to highlight 
similarities between samples and the occurrence of grain-types to assist in defining 
facies associations, and also to search for compositional relays reflecting environmental 
changes during deposition. 
4. 7.3 SedUtil data base program 
The SedUtil program (Lees 1989) is a package for creating and storing a data base for 
sedimentary rocks which is compatible for use with JaccMat SedUtil uses two orders of 
file: Parameter files and data files. Parameter files are used to define the items/grain-
types to be stored in each of the data files. Individual data files are then set up for each 
suite of samples collected from each sedimentary log using the template stored in the 
parameter file. Each data file therefore defines the stratigraphy at a geographical 
location within the platform. The number of samples stored in each data file is 
effectively unlimited. A typical sample record within a data file is shown in figure 4.3. 
Individual sample records describe rock composition in terms of grain-type and modal 
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abundance. Although modal abundance has been recorded (Appendix A) JaccMat only 
reads grain-types as present or absent. SedUtil allows the easy manipulation and 
modification or 'tailoring' of existing data files. Individual files could thereby be 
amalgamated with one another or broken down in size prior to analysis (see section 
4.7.5). 
4.7.4 JaccMat optimized similarity matrix program 
The Jaccmat program calculates Jaccard Similarity Coefficients between either grain-
types or samples read from SedUtil data files and automatically optimises the resultant 
matrix (Hennebert and Lees 1985, Lees 1989). It has the option of choosing which 
grain-types to include in the analysis within any data file, which can be influenced by 
earlier 'runs' ~t optimizing the data. The optimized matrix is printed out following 
analysis. 
4.7.5 Application of Jaccard similarity coefficient matrices optimisation 
For each suite of samples collected from each sedimentary log optimized matrices 
between constituent parameters (Appendix D) and samples (Appendix E) were 
calculated using JaccMat. Several combined data files created by amalgamating 
individual log data files from different spatial locations within the field area were also 
analysed using JaccMat to calculate optimized matrices between parameters (Appendix 
D) and samples (Appendix F). These combined data files were constructed to compare 
samples and parameters of logs from different spatial locations in the field area 
characterising: the lower platform (Combined data file "Bottom"); the upper platform 
(Combined data file "Top"); and logs that traversed the greatest part of the whole 
platform succession from immediately above the Hauterivian at their lower boundary to 
the top of the Urgonain Limestone Formation overlain by the Greensands at their upper 
boundary (Combined data file "Platform"). Combined data files were also constructed 
and analysed for two laterally continuous megabreccia horizons observed in the Aravis 
Mountain Chain in order to trace lateral facies changes. 
The maximum size of combined data files for carrying out optimisations between 
samples was constrained to 227 samples due to the memory limitations of current 
microcomputers. Optimized similarity matrices between samples were in many cases 
(and especially for Combined data files) much larger than grain-type optimized matrices 
and therefore more difficult to visually assimilate and interpret. To assist in overcoming 
this problem sample matrices were also printed out in symbolic as well as numeric 
forms. 
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SECTION Bella 
micrite 28 
microbial mu 0 
bryazoans 3 
corals 1 
echinoderms 5 
sponge spies 1 
ostracods 2 
gastropods 0 
STRAT Org LOGLEVEL 1 Record number 20 
Fig. 4.3 Example of a typical sample file in SedUtil. Although modal percentages of individual 
parameters are included, theJaccMat program only reads grain-types as being present or absent when 
calculating Jaccard's coefficients. 
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4.7.6 Criteria for the interpretation of optimized matrices of Jaccard's similarity 
coefficients calculated using JaccMat 
The optimized similarity coefficient matrices method for analysis of samples and 
component parameters works on several levels; (1) it can be used for directly 
identifying groupings of similar samples that represent similar depositional 
environments, (2) it can identify systematic but continuous shifts in the similarities 
between samples reflecting gradational changes in sediment and depositional 
environment without imposing artificial boundaries between facies as can happen using 
the fixed facies approach, (3) it identifies constituent parameters (grain-types) which are 
most likely to occur together and therefore assists in describing the composition of 
facies groupings, (4) it identifies potential trends in the systematic shifting of the 
importance of different parameters that reflect changes in environmental gradient 
(relays). 
Symbolic presentation of the optimized similarity matrices between samples and 
graphic presentation of optimized similarity matrices between parameters (grain-types) 
were found easiest to interpret (Appendices E and F). Certain configurations of the 
values of Jaccard's coefficient within the optimized matrix can then be interpreted: 
(1) The existence or absence of a relay: If the optimized matrix shows a marked 
concentration of all the high coefficients near the diagonal combined with systematically 
falling values of Jaccard's coefficient away from it along the rows and columns, then a 
single environmental relay is present. However, such a simple situation is relatively 
unusual. The quality of any relay is reflected in the values and distributions of Jaccard's 
coefficients. If there is a continuous run of all the high values of Jaccard's coefficient 
along the diagonal and nowhere else then a good relay is present. More commonly there 
occur other groups or clusters of high values of coefficient separated from one another 
by 'gaps' of lower coefficient. These may be interpreted as reflecting several situations 
described below. 
(2) The existence of a relay within a relay: the clusters themselves may be internally 
ordered, i.e. the high coefficients form a band paralleling the central diagonal. 
(3) The occurrence of a population along a relay: the high coefficients tend to form 
triangular-shaped clusters of uniformally high values of Jaccard's coefficients indicating 
close similarity between all members of the cluster. 
(4) Inclusion of anomalous parameters (grain-types) or samples in the data set: 
elements having weak relationships with all the others tend to create 'gaps' but they also 
appear as 'lines of weakness' in areas away from the central diagonal. When this occurs 
the optimisation may be rerun with the offending parameter/s omitted. 
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4.7.7 Interpretation of optimized similarity matrices for data from the Urgonian 
Platform 
The above configurations of Jaccard's coefficients have been identified within the 
optimized similarity matrix calculated from data collected for this study and have been 
used to assist in defining facies and identifying environmental gradients. The 
interpretations of optimized similarity coefficient matrices are best illustrated using 
specific examples. 
Figure 4.4 shows the optimized matrix of Jaccard's similarity coefficients between 
samples generated by JaccMat from petrographic data determined from samples 
collected at the Petit Bomand road section (GR.09163 21225). Figure 4.4(a) shows the 
numeric form of the optimized similarity matrix. The vertical column to the left of the 
optimized matrix, labelled A, gives a list of samples which are placed immediately 
adjacent to those with which they are most similar (the corresponding identical 
horizontal list of samples across the top of the matrix is not shown). Horizontally along 
the top of the matrix (labelled C) and repeated down the left hand side of the optimized 
matrix are the record numbers of the samples, i.e. the order in which they are included 
in the original data file in SedUtil. The constituent parameters used to compare samples 
in this "run" of JaccMat are listed above the matrix, labelled B. Values of Jaccard's 
similarity coefficients (represented as between 0 and 100 for ease of computer 
manipulation, but in fact representing values of Jaccard's coefficient from 0 to 1) 
between samples are labelled D. A symbolic form of the same optimized matrix of 
samples is shown beneath the numeric matrix with the key to the range of values of the 
symbols listed above (Fig. 4.4(b)). The symbolic representation of the matrix aids visual 
identification of high values of Jaccard's coefficients. In the symbolic optimized 
similarity matrix it is much easier to pick out triangular clusters of high coefficients 
around the central diagonal which link samples that are similar and belong to the same 
population. For example samples a21, a19, a18, a22, a739, a746, and a738 are linked 
within the matrix as one population by a triangular cluster of high values of Jaccard's 
coefficients. Several other populations can also be distinguished clustered along the 
central diagonal. Some of these populations themselves contain internal relay i.e. 
systematic shifts in the values of Jaccard's coefficients between samples. For example 
samples a732, a730, a733, a735, and a734 form one such population containing a relay 
situated along the central diagonal to the bottom-right of the optimized matrix. Within 
this optimized matrix we therefore see the occurrence of several discreet populations 
along a relay divided by areas of 'weakness'. 
By studying the optimized matrices between constituent parameters for the same 
sample data set at Petit Bomand it is possible to get an idea of the parameters (grain-
types) that may characterise these populations and relay. Figure 4.5 shows the numerical 
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optimized similarity matrices between parameters for the Petit Bornand data set as 
calculated by JaccMat. Numerical matrices between parameters are hard to assimilate 
visually and interpret and have therefore been graphically replotted by hand. Figure 4.6 
shows the graphically replotted Jaccard's similarity coefficient matrix between 
parameters for the Petit Bornand data set. Each parameter's value of Jaccard's 
coefficient is represented by a vertical line whose length is proportional to its value 
between zero and one. Values below 5 (i.e. values of Jaccard's similarity coefficients 
below 0.05) are excluded from the graphic matrix for added clarity. These vertical lines 
are linked by horizontal lines to give a more 'solid' visual impression. The graphic 
background upon which parameter optimized matrices are plotted is usually omitted to 
make visual interpretation even easier (Fig. 4. 7). 
The optimized similarity matrix between parameters for the Petit Bomand data set 
reveals the existence of several relays within a relay. Three individual relays can be 
distinguished within an overall single relay. To the top-left of the optimized matrix 
along the central diagonal a relay linking rudist, micrite, echinoderms, bivalves, peloids, 
brachiopods and "miliolid" foraminifera can be distinguished. This relay is separated 
from the next relay by gastropods which show no strong link to any other parameter. 
Another relay is defined between Orbitolinidae foraminifera, green algae, ooids, 
bryozoans and corals along the diagonal in the centre of the matrix. A third relay linking 
ostracods, quartz, red algae and glauconite can be distinguished along the central 
diagonal to the bottom-right of the optimized matrix which has no similarity to the other 
two internal relays, being separated from them by lines of zero values of Jaccard's 
coefficients. These parameter relays within a relay can now be compared to those 
identified between samples by re-examining the samples under the microscope in the 
order indicated by the sample matrix. In this way it is found that the a21-a738 sample 
population/relay is characterised by the rudist bivalve-to-"miliolid" foraminifera 
parameter relay, whilst the other internal parameter relays probably represent the 
smaller internal sample relays e.g. a732-a734. The existence of multiple relays within a 
larger single relay when analysing stratigraphic data may indicate individual 
environmental gradients locally operating out of phase with one another defining sub-
environments. Environmental changes potentially competing with one another in this 
way are one of the major criticisms of sequence stratigraphy, where only relative sea-
level is considered as the main environmental control (Schlager 1991). 
Figure 4.8 illustrates an optimized similarity coefficient matrix between parameters 
for the log at Col de Landron (GR.09074 21176). There is a marked concentration of 
high values of coefficients near the diagonal systematically falling away along the rows 
and columns. This represents the presence of a single strong symmetrical relay 
indicating a single dominant environmental gradient controlling sediment composition. 
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It is in this type of situation, were there is a continuous gradation in sample 
composition, that the concept of "fixed facies", which imposes sharp demarcations 
between facies assemblages, is least effective in describing sedimentary change. Figure 
4.9 illustrates the symbolic optimized similarity matrix between samples for the Col de 
Landron log data set. The high values of Jaccard's coefficients cluster around the central 
diagonal and individual populations can be identified in a similar way to those described 
for the Petit Bomand optimized sample matrix. 
All data sets collected in this study have been analysed using optimized similarity 
matrices between samples and parameters. Many compositional and sample relays and 
clusters have been identified using this technique. These are interpreted as representing 
different environmental gradients influencing deposition at spatially different locations 
across the platform from inner to outer platform, partially in response to relative sea-
level fluctuations 
However, in a very few instances, no patterns of Jaccard's coefficient values 
indicating relays have been detected in symbolic optimized matrices This can occur 
where all samples have a very high, or very low degree of similarity to one another. The 
latter situation did not occur in this study. In the former situation symbolic optimized 
similarity matrices are "swamped" with high values of coefficients e.g. optimized 
matrices for log Les Combes (GR.09177 21220) as shown in figures 4.10 (sample 
matrix) and 4.11 (parameter matrix) which may mask the presence of relays. However, 
examination of the numerical representation of the Les Combes optimized matrix 
between samples reveals three internal relays along the central diagonal. In instances 
were all Jaccard's coefficients have very similar values it is necessary to decide if 
differences between values are significant enough to warrant breaking down into 
internal relays. The optimized parameter matrix for Les Combes indicates a single 
population, rather than the existence of relays, defmed by a shallow-water fauna 
characterised by glauconite, rudists, bivalves, echinoderms, green algae, peloids, 
"miliolid" foraminifera, bivalves, brachiopods, quartz, Orbitolinidae foraminifera and 
micrite (Fig. 4.11). Ooids, corals, gastropods, microbial mud clots, bryozoans and 
ostracods are present only as anomalous grain-types and have no strong link with any of 
the parameters in the Les Combes optimized matrix. This example is therefore 
interpreted as representing a log data set of samples deposited within a stable, 
dominantly unchanging depositional environment, in effect defining a single population 
or facies. The Les Combes log is interpreted as representing a continuous period of 
rudist wackestone-packstone facies deposition. 
The large size of the combined data file similarity matrices (Appendix F) makes the 
recognition of clusters and relays much more difficult. However, the optimized ordering 
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Petit Bomand Road Section datafile analysed using JaccMat ~ 
r algae g algae rudists bivalves brachiopods peloids ooids glauconite B 
quarts o forams ll foracs micrite cicrobial mu ~ryazoans corals ecbinodeus 
ostracods gastropc:s 
Numeric presentation of optimised matrix of samples 
3 17 19 18 l 2 1 5 16 23 15 8 20 24 25 21 10 22 6 7 11 9 12 j( 13 
-·--------------------·--------------------------------------------------------------------·-------
3 : 100 56 !2 56 57 57 57 57 57 51 50 50 37 37 36 37 33 33 21 22 21 18 15 15 
17 : 100 56 !2 65 57 57 57 57 57 57 50 50 37 37 36 37 33 33 21 22 21 18 15 15 
19 : 66 66 71 71 62 52 62 62 62 62 55 55 H H 5! H !0 !0 26 30 26. 25 21 21 
18 : !2 U il Su 62 62 52 41 H H !0 !0 30 30 54 30 27 27 26 30 !8 25 30 30 
1 : 66 56 ii 5o e5 85 85 85 85 85 75 75 52 H 51 62 55 55 35 u 35 36 30 3o 
2 : 57 ;; 62 62 e5 100 100 75 75 75 e6 66 55 40 63 55 5o 5o 12 10 JJ 33 3e 38 
1 : 57 57 62 62 85 100 100 75 75 75 66 66 55 40 63 55 50 50 !2 10 33 3J !8 38 
s : s; s; c; 62 e5 100 100 75 75 75 66 66 55 10 63 :5 so 5o 12 10 33 33 ;a Ja 
16 : 57 57 Ei 4! SS 75 i5 75 100 100 65 37 75 ~~ 5; 75 65 66 U 55 12 IS 38 38 
23 : 57 5i 52 4! cS 75 75 75 100 JUG 56 ei iS 55 63 75 65 66 12 55 12 !5 ;s JE 
!5 : 5i 5i 52 H 85 75 75 iS 100 100 66 a; 75 55 63 75 66 66 12 55 12 45 !B J8 
8 : 5~ ic 55 !0 75 66 56 66 66 66 5i 60 50 3€ SE 50 60 60 !0 50 50 51 !6 ;; 
20 : 5~ 5G 55 !0 75 66 66 C6 87 87 6i 50 Ei iO 71 66 il 17 50 50 50 !l !6 !6 
21 : 37 , . g !0 c2 5i 55 55 75 75 i5 50 67 55 63 55 66 66 53 !0 !2 33 !5 JE 
2i : .. Ji H 30 H !0 !0 40 55 55 55 36 50 55 35 55 li 36 !2 ~0 33 !5 !8 3a . 
21 : •• 3€ i! 5! i! 63 63 63 il il €3 56 ;; 63 38 if 72 i2 60 38 5D 42 57 57 
~0 : 3i i7 H Ju 52 55 55 Si 75 75 75 50 66 55 iS iu 65 66 !2 7i 53 60 5i1 50 
22 : 33 .. 4u ;; 55 5o 5o so 55 55 c: iu 77 56 JE 12 5e 100 50 50 61 51 :: 58 
6 : JJ JJ ~u 21 55 50 5o su 56 56 66 60 iJ 65 36 i2 66 100 50 50 H 54 se 5s 
; : 21 n zc 2: J5 l2 u !2 12 42 12 10 5u 53 !1 5o 12 so 5o 33 61 37 s~ 5o 
11 : 22 <2 JC 30 !4 !0 10 4i1 55 55 55 50 50 10 40 38 iS 50 iO 33 53 i7 53 63 
9 : 21 a z: 1c 35 33 JJ 33 42 42 12 5o so 12 ;3 s~ s; oi 6! 62 53 57 =~ 5o 
12 : 18 iS 25 25 36 33 33 •• 4i 45 !5 i! !! 33 !i l2 EQ il 5! 37 li 57 :1 81 
11 : 1: :s ,_ 30 :o JS 3c ·" JB Jo ;z 46 !6 3E ;e s; s~ se se Sc 63 60 a; 10~ 
13 : 15 ;5 21 3u 30 36 JB n Ja 38 ;s 46 46 36 n 57 5o sa 58 so il 60 Bl lQO 
Symbolic presentation of optimised matrix of samples 
l:ey to c~~es I = E~-lGO I = 70·7: t = 5H9 = = iu-59 • = lH: : = Ji1·l9 . = 29-1: 
j7 
1 ~ 
22 
!l 
,, 
" 
" 
.. .: 
!--+========:::::: 
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==•'!'! IIzrr-~=·'!'===--: 
==~•I! !!!!-:-•=-•===--:: 
::;.~!!I zrr~~=-·===--:: 
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@ 
Fig. 4.4 Example of an optimised matrix of Jaccard's similarity coefficients between samples 
calculated using JaccMat for data collected from Petit Bornand road section (GR.09136 21225). The 
matrix is shown in (a) numerical and (b) symbolical forms. (A) Optimised list of sample numbers. (B) 
Parameters used to compare samples in this "run" of JaccMat. (C) SedUtil file record numbers. (D) 
Optimised Jaccard's similarity coefficients between samples. Sec text for discussion. 
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l,etit Bornand Road Section datafile analysed using JaccMat 
Optimized matrix of parameters 
18 3 11 21 4 6 5 15 24 13 1 19 20 23 11 1 10 
------------------------------------------------------------------------
18 : 17 9 13 12 13 4 5 22 9 9 0 0 0 0 0 0 0 
. ~ : 1~ 76 76 ~~ ~~ ~~ ~~ s~ H H H 1~ ~ ~ 1n 1~ ~ ~ .1. : 
21: 13 56 68 88 so 75 52 30 29 34 25 27 13 4 4 4 0 
4 : 12 68 80 88 92 50 64 32 36 36 32 24 16 8 8 4 4 
6 : 13 60 72 80 92 86 69 34 39 39 34 26 17 8 8 4 4. 
5 : . 4 48 66 75 80 86 71 33 45 45 33 30 14 10 10 5 5 
15 : 5 32 50 52 64 69 71 20 56 H 50 29 25 12 12 6 6 
24 : 22 31 21 30 32 34 33 20 30 30 23 16 20 11 11 0 12 
13 : 9 18 31 29 36 39 45 56 30 63 30 25 18 22 22 11 11 
2 : 9 13 26 34 36 39 45 47 30 63 41 50 30 22 22 11 11 
7 : 0 8 16 25 32 34 33 50 23 30 u 55 50 25 25 12 12 
19 : 0 4 8 27 24 26 30 29 16 25 50 55 42 14 14 16 0 
20 : 0 5 4 13 16 17 14 25 20 18 30 50 42 0 0 0 c 
23 : 0 5 10 4 8 8 10 12 11 22 22 25 14 0 100 50 50 
11: 0 5 10 4 8 8 10 12 11 22 22 25 14 0 100 50 50 
1 : 0 0 5 4 4 5 6 0 11 11 12 16 0 50 50 0 
10 : 0 5 5 4 4 5 6 12 11 11 12 0 0 50 50 0 
18 microbial mu ( 3) 10 glauconite 1) 
3 rudists ( 17) 1 r algae 1) 
17 micrite ( 20) 11 quarts 2) 
21 echinoderms ( 22) 23 ostracods 2) 
4 bivalves ( 25) 20 corals 4) 
6 peloids ( 2 3) 19 bryazoans 6) 
5 brachiopods ( 20) 7 ooids 8 J 
15 m forams ( 16) 2 g algae 9 J 
H gastropods a l 13 o forams 9) 
13 o farams 9) 24 gastropods ( 8) 
2 g algae 9) 15 m forams ( 16) 
7 ooids 8) 5 brachiopods ( 20) 
19 bry~zoans 6) 6 peloids ( 23) 
20 ccrals 4) 4 bivalves ( 25) 
23 ostracods 2) 21 echinoderms ( 22) 
11 quarts 2) 17 micrite ( 20) 
1 r algae 1) 3 rudists ( 17) 
10 glauconite 1) 18 microbial mu ( 3) 
Number in brackets = number af samples possessing the parameter out of the total of 25 
Fig. 4.5 Example of an optimised matrix of Jaccard's similarity coefficients between compositional 
parameters as calculated and presented by JaccMat, from the data collected at Petit Bornand road 
section (GR.09163 21225). See text for discussion. 
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Fig. 4.6 Graphical hand plotted presentation of optimised matrix of Jaccard's similarity coefficients 
between compositional parameters using the output from JaccMat shown in Fig.4.5. The length of 
vertical lines represent the values of Jaccard's coefficient between 0 and I. See text for discussion. 
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Fig. 4.7 Optimised matrix of Jaccard's similarity coefficients between compositional parameters 
calculated form data collected from Petit Bornand. This is the style adopted in this study for the 
presentation of optimised parameter matrices which is the easiest to visually interpret. See text for 
discussion. 
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Fig. 4.8 Optimised matrix of Jaccard's similarity coefficients between compositional parameters 
calculated form data collected from the log at Col du Landron (GR09074 21176). The high values 
Jaccard's similarity coefficient are symmetrical arranged around the central diagonal and represents a 
single, strongly developed environmental relay. See text for discussion. 
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Col de Landron datafile analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids glauconite quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 = 30-39 . = 20-29 
19 
20 
11 
12 
17 
1 
14 
e 
3 
7 
I 
X X X X t X t t X = t X + = = + + = - = + + = : = = - - : 
X X X X + X + + X = + X + = : + + = - = + + : : = = - -
X X X X + X + + X = + X + = = + + = - = t t : = = = - - : 
X X X X + X + + X = t X + = = + + = - = + t = = : = - - : 
X X X X t X + + X = + X t X : t + = - : + + : = : : - - : 
t + + t + X - X X X X X .X = : : + = t : = = = = = = - - : 
X X X X X X = X X + X X X + t X X + = + X X + + t + = = - - - - . . 
t + + t + - : : + : - : t + : ~ - = : : X X : : : - : : : - - -
a401a 16 
t + + + t X X : X X = t : t : t : + X : + + - : - - : : : - - - -
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X X X X X X X: t X: X X X t X X t: X t +=X:: + t =- = =.-
+ t + + + X X + = X + X X = : = + = + = X X = : : + : : : = = - -
a403 18 
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Fig. 4.9 Optimised symbolic matrix of Jaccard's similarity coefficients between samples calculated 
using JaccMat for samples collected from the log at Col du Landron (GR.09074 21176). See text for 
discussion. 
93 
Microfacies analysis methodology 
Les Combes datafile analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids glauconite quarts 
o forams m forams micrite microbial mu corals echinoderms gastropods 
Numeric presentation of optimised matrix of samples 
1 17 5 15 4 10 7 6 3 13 14 12 11 21 8 2 16 9 19 18 20 l 
------------------------------------------------------------------------------------
a 53 1 : 81 81 80 66 66 66 72 72 72 72 63 53 66 65 66 46 63 58 58 53 
a161 1i : 81 100 81 83 83 83 90 90 90 90 81 69 83 83 83 61 81 75 75 69 
a 57 5 : 81 100 81 83 83 83 90 90 90 90 81 69 83 83 83 61 81 75 75 69 
a159 15 : 80 81 81 81 81 81 90 90 90 90 80 66 81 81 81 58 80 72 72 66 
a 56 4 : 66 83 83 81 100 100 90 90 90 90 81 83 83 83 83 75 81 75 75 69 
a153 10 : 66 83 83 81 100 100 90 90 90 90 81 83 83 83 83 75 81 75 75 69 
a 59 7 : 66 83 83 81 100 100 90 90 90 90 81 83 83 83 83 75 81 75 75 69 
a 58 6 : 72 90 90 90 90 90 90 100 100 100 90 75 90 90 90 66 90 81 81 75 
a 55 3 : 72 90 90 90 90 90 90 100 100 100 90 75 90 90 90 66 90 81 81 75 
a156 13 : 72 90 90 90 90 90 90 100 100 100 90 75 90 90 90 66 90 81 81 75 
a158 14: 72 90 90 90 90 90 90 100 100 100 . 90 75 90 90 90 66 90 81 81 75 
ai55 12 : 63 81 81 80 81 81 81 90 90 90 90 81 81 81 81 72 80 72 72 66 
a154 11: 53 69 69 66 83 83 83 75 75 75 75 81 59 69 59 90 66 61 61 57 
a166 21 : . 66 83 83 81 83 83 83 90 90 90 90 81 69 100 100 61 81 75 iS 83 
a60 8 : 66 83 83 81 83 83 83 90 90 90 90 81 69 100 100 61 81 75 75 83 
a 54 2 : 66 83 83 81 83 83 83 90 90 90 90 81 69 100 100 61 81 75 75 83 
a160 16 : 46 61 61 58 75 75 75 66 66 66 66 72 90 61 61 61 58 66 53 50 
a61 9 : 63 81 81 80 81 81 81 90 90 90 90 80 66 81 81 81 58. 72 90 81 
a164x 19 : 58 75 75 72 75 75 75 81 81 81 81 72 61 75 75 i5 66 72 81 75 
a163x 18 : 58 75 75 72 75 75 75 81 81 81 81 12 61 75 75 75 53 90 81 90 
a165x 20 : 53 69 69 66 69 69 69 75 75 75 75 66 57 83 83 83 50 81 75 90 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 X = 70-79 + = 60-69 = = 50-59 - = 40-49 : = 30-39 . : 20-29 
------------------------------------------ . 
a 53 X X X + t + X X X X + = + + + - + = = = 
a161 ll X X X X X X X X X X X + X X X + X x X + 
a 57 5 X X X X X X X X X X X + X X X + X x X + 
a159 15 X X X X X X X X X X X + X X X = X x x + 
a 56 4 t X X X X X X X X X X X X X X X X X x + 
a153 10 t X X X ! X X X X X X X X X X x X ! X + 
a 59 7 . + X X X X X X X X X X X X X X x X x X + 
a 58 6 xXXXXXX X X X X x X X X + X X X X 
a 55 x X X X X X X X X X X x X X X t X X X x 
a156 13 x X X X X X X X X X X x X X X + X X X r 
a158 14 x X X X X X X X X X X x X X X t X X X x 
a155 12 t X X X X X X X X X X X X X X X X X X + 
a154 11 = + t + X X X X X X X X +++X+++= 
a166 21 + X X X X X X X X X X X + X X + X X X X 
a60 · 8 t X X X X X X X X X X X f X X + X X X X 
a 54 2 t X X X X X X X X X X X + X X t X X X X 
a160 16 - t t = X X X + t + t X X + + t =.+ = = 
a61 9 t X X X X X X X X X X X + X X X = x X X 
a164x 19 · = X X X X X X X X X X X + X X 1 + X X X 
a163x 18 = X X X X X X X X X X X + X X X = X X X 
a165x 20 = + + + + + + X X X X t = X X X = X i X 
--------~------------------------------
Fig. 4.10 Optimised numeric and symbolic matrix of Jaccard's similarity coefficients between samples 
calculated using JaccMat for samples collected from the log at Les Combes (GR.091717 21220). The 
high values of similarity coefficient "swamp" the matrix, indicating a single population or facies is 
present. See text for discussion. 
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Fig. 4.11 Optimised graphic matrix of Jaccard's similarity coefficients between parameters calculated 
using JaccMat for samples collected from the Jog at Les Combes (GR.091717 21220). The high values 
of similarity coefficient "swamp" the matrix, indicating a single population or facies is present. See text 
for discussion. 
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of samples provided a useful tool to aid correlation of similar samples between spatially 
separated logs across the platform. 
Sample and parameter optimized gradients have been used in this study in an 
interactive way involving the re-examination of samples, in the light of the 
interpretations of optimized similarity matrices, to assist in defining facies associations. 
For the purpose of illustrating the interpretation of optimized similarity matrices in this 
section only examples of the relatively smaller sample matrices have been discussed. 
Some of the larger optimized similarity matrices between samples in Appendix E show 
more dramatic groupings of relays and populations. All optimized similarity matrices 
analysed in this study are included in the Appendices: Appendix D for parameter 
matrices, Appendix E for individual log sample matrices, and Appendix F for combined 
data files. The optimized matrices themselves offer the best descriptions of sedimentary 
changes, representing the underlying 'finger prints' of environmental changes. However, 
for ease of comprehension they have also been used to define, as best as is possible, 
facies assemblages (described in section 5.4 of Chapter 5) that can be combined with 
stratal geometries to interpret Urgonian platform evolution within a temporal and spatial 
framework of dynamic environmental changes. 
4.7.8 Advantages and limitations of the optimized similarity matrices approach 
The use of computerized optimized similarity matrices of Jaccard's coefficients for 
facies analysis has several advantages over more traditional techniques: 
(1) It uses presence/absence data therefore eliminating the significance of any error in 
modal abundance determination. 
(2) It allows the simultaneous analysis of all the grain-types present in the sample suite 
avoiding the subjective choice of which grain-types to include in the analysis. 
(3) The method makes no initial assumptions about the distribution of grain-types i.e. 
discreet and abrupt facies variations (as in traditional facies analysis) versus a systematic 
shift in the relative importance of grain-types. The presence or absence of a relay is 
judged purely from the quality of the optimisation achieved. 
(4) The order of introduction of the samples ultimately has no influence for the 
calculation of the similarity coefficients. 
( 5) The initial order of the introduction of the variables in the matrix of coefficients is 
also insignificant. 
( 6) Computer optimized similarity matrices allow the holistic presentation and 
interpretation of continuous systematic changes in sediment composition in response to 
gradual and continuous environmental changes, rather than breaking up such 
compositional shifts into arbitrary facies assemblages representing spatial 'snap shots' or 
temporal 'pin points' that only record a static instant within a dynamic spatial and 
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temporal continuum. By allowing continuous systematic changes in sediment 
composition to be presented and characterised in a relatively comprehensible way, 
perhaps for the first time, computer optimized similarity matrices might be described as 
the equivalent of "sedimentary calculus". 
There are also some limitations to the method which must also be borne in mind: 
(1) The inherent limitations of non-parametric statistical techniques. For example as 
modal abundance is not taken into account the technique is unable to differentiate 
situations where ubiquitous grains may be especially important. 
(2) The technique only illustrates affinities between grain-types (or samples) and does 
not represent spatial distribution or abundance. 
(3) The potential for placing a grain-type which may exist in two distinct non-
contiguous facies in a single intermediate 'mean' position in the matrix. This possibility 
is reduced the greater the degree of grain definition during data collection. 
( 4) There is no statistical significance test for Jaccard's coefficients (Till 1974). 
(5) The method requires careful and detailed interpretation of both sample and 
parameter optimized matrices which is time consuming compared to the interpretation 
of triangular plots. 
4.8 Grain-type 'classes or groups used in optimized sinilarity matrices 
matrices 
4.8.1 Introduction 
This section aims to review the criteria used to distinguish each of the grain-type 
parameters used in JaccMat, based on microscopic examination of thin sections and 
acetate peels ofUrgonian limestone sensu Jato. There are several works available which 
assist the identification of carbonate grains in thin section (e.g. Adams et al. 1984, 
Bathurst 1975, Peryt 1983, Scholle 1978, Scoffin 1987). This section also identifies and 
discusses some of the areas of potential ambiguity in grain identification and the level of 
discrimination within grain-types possible. Environmental significance's of individual 
grains are also noted. This section does not aim to examine microfacies assemblages 
which are described fully in the following chapter. The parameters selected for inclusion 
in JaccMat were chosen to describe microfacies assemblages in terms of primary 
syndepositional biogenic and abiogenic grain composition. Potentially significant 
diagenetic features such as moldic porosity, dripstone cements etc. were therefore 
excluded from the analysis although they were taken into account in the overall 
microfacies interpretation which follows in the next chapter, and are recorded in the 
footnotes of Appendices A and B. Some early syndepositional environmentally specific 
diagenetic 'grain' types and detrital grains were included. Other environmentally non-
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specific and late diagenetic 'grains' such as pyrite and dolomite although recorded were 
omitted from the JaccMA T analysis. 
A total of 25 "classes" of constituent parameters (grain-types) where identified and 
included in the analysis. They comprised: 
(1) Rudist bivalves, (2) Bivalves, (3) Gastropods, (4) Brachiopods, (5) Microbial mud 
clots, (6) Calcareous red algae (Rhodophyte algae), (7) Green algae (8) "Miliolid" 
foraminifera, (9) Orbitolinidae foraminifera, (10) Other calcareous foraminifera (11) 
Ostracods, (12) Bryozoans, (13) Corals (14) Echinoderms, (15) Sponge spicules, (16) 
Calcispheres, (17) Micrite, (18) Intraclast, (19) Worm tubes, (20) Peloids, (21) Ooids, 
(22) Glauconite, (23) Quartz, (24) Dolomite (25) Sparite. 
4.8.2 Criteria for grain-type and constituent classification 
4.8.2.1 Rudist bivalves 
Rudist bivalves are distinctive types of large reef-building bivalves. Rudists were 
sessile epifaunal suspension feeders. They are easily distinguished in outcrop and hand 
specimen, occurring in dense patches or continuous horizons. Six different families of 
rudist have been described of which requienids, caprinids and caprotinids are the three 
families present in the mid-Cretaceous Urgonian Limestone Formation sensu stricto 
(Fig. 4.12) (Arnaud-Vanneau et al. 1972, Arnaud-Vanneau et al. 1987). On average 
individuals range from 2 to 6 em in diameter with a thick outer shell wall. They are 
unequivalved although rarely observed still articulated, and have a wide range of growth 
forms most commonly being conical or tubular in shape. In thin-section they can exhibit 
dominantly bimineralic shells (Fig. 14.13a) (although entirely originally aragonitic 
forms also occur i.e. ichthyosarcolitidae which contain internal radiating aligned canals 
and are totally pseudomorphed to sparry or blocky calcite). Bimineralic forms have a 
thick original outer low magnesium carbonate layer and much thinner inner aragonitic 
layer (Al-Aasm and Veizer 1986, Kennedy and Taylor 1968. The internal shell structure 
is best observed in cross polarised light. The biminerallic forms have outer calcitic 
prismatic walls, and where preserved individual prisms show unit extinction whereas 
the internal much thinner originally aragonitic portion has typically been removed by 
dissolution and is replaced with sparry or blocky calcite (Fig. 4.13ab ). In a few instances 
the whole shell has been replaced by drusy calcite spar cement possibly reflecting 
dissolution during subaerial exposure. The presence of rudist bivalves can in almost all 
cases be determined from hand specimen alone. Small rudist fragments that frequently 
display micritized bioeroded rims and are not easily identified in hand specimen also 
occur. 
Environmental significance: Rudist bivalves occur as important reef builders in both 
high (reef margin) and low energy (back reef) environments during the Cretaceous 
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(Wilson 1975, Masse and Philips 1981). However, rudists do not appear to have formed 
true reefs in the mid-Cretaceous Urgonian sensu stricto (Arnaud-V anneau et al. 1987) 
where they are more typically developed in back-lagoon settings. 
4.8.2.2 Bivalves 
This grain-type classification was used to indicate the presence of all bivalves which 
could not be differentiated into rudists or gastropods. It includes both originally 
aragonitic and calcitic bivalves. 
Formerly aragonitic bivalves are usually preserved as sparry calcitic casts of 
individual, frequently disarticulated valves, and account for the highest portion of grains 
in this class. Bimineralic bivalves are also present in the Urgonian sensu lata. In these 
instances the internal mineral layering within the valves is typically preserved, with the 
aragonitic portion pseudomorphed and replaced by sparry or blocky calcite textures, 
whereas the thinner outer calcitic layer is preserved in its original form. Less commonly 
primarily wholly calcitic bivalves are present which may be difficult to differentiate 
from brachiopods. There are two main types present, oysters and Inoceramus bivalves. 
For oysters the internal irregularly foliated shell structure is preserved which may also 
appear layered reflecting growth stages (Fig. 4.14c). They may therefore resemble 
impunctate brachiopods. However, their shells tend to be considerably thicker than those 
of brachiopods and this is the main criteria by which they can be differentiated. 
Inoceramus bivalves exhibit an internal skeletal micro-architecture of polygonal 
prisms arranged normal to the outer surface. This is especially noticeable in cross 
polarised light where each prism extinguishes as a unit. They may therefore be mistaken 
for punctate brachiopods in thin section. There is no diagnostic way to distinguish them 
from punctate brachiopods. Due to the potential uncertainties in calcitic bivalve 
identification they were not differentiated into a class of their own for the purposes of 
this study. As gastropods are identified using their distinctive univalve shell shape it is 
also possible that broken up fragments of gastropods were also included in this class. 
Environmental significance: Bivalves are common in modem-day shallow-water 
marine environments. Valve thickness may reflect water turbulence with thicker valves 
in shallow areas of high turbulence and thinner valves in quieter deeper-water 
environments. 
4.8.2.3 Gastropods 
Gastropods are univalve molluscs usually conical in shape which have an 
unpartitioned helical spiral structure. It is this distinctive structure in thin-section or 
acetate peels viewed in either traverse section or long section which is the main criteria 
for their differentiation as a separate class in this study. All gastropods in this study have 
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been neomorphosed to sparry calcite obliterating any original aragonitic internal shell 
structure. As identification is based on macro-shell architecture it is therefore possible 
that if they have become fragmented they may have been instead/in addition included 
within the broader bivalve class. Even if this were the case their inclusion as a separate 
class is warranted as their structural preservation may reflect the level of water-
turbulence and energy in the depositional environment. 
Environmental significance: Gastropods are tolerant to saline and fresh water 
conditions. They most commonly occurred in shallow water conditions. 
4.8.2.4 Brachiopods 
Brachiopod shells have a pnmary calcitic composition and therefore internal 
microstructure is preserved. Typically they have a bimineralic shell with a thinner outer 
chitinous layer and internal calcitic layer. Their internal microstructures are easily 
distinguished in plane polarised light and three types of brachiopod wall structure were 
observed: punctate, with continuous internal tubes normal to the shell wall, 
pseudopunctate, discontinuous tubes/rods normal to the shell wall, and impunctate, 
internal foliated structure tangential to the shell wall and the absence of normal tubes. 
lmpunctate brachiopods were by far the most common type in the Urgonian sensu lato. 
The possibility of mis-identification of punctate brachiopods/Inoceramus bivalves and 
impunctate brachiopods/oysters has already been discussed. Due to the wide 
environmental ranges of brachiopods all types were grouped as a single "class" for the 
purposes of optimized similarity matrices analysis in this study. 
Environmental significance: Brachiopods occur across a wide range of marine benthic 
habitats. 
4.8.2.5 Microbial mud clots 
In some instances relatively large micrite clots can be attributed to microbial break 
down when the remnants of a cellular micritic walled structure are still observable 
within the clot (Fig. 4.14b). 
Environmental significance: Shallow high energy inner platform environments. 
7.8.2.6 Calcareous red algae 
Red algae are easily identified on the basis of their fine reticular cellular structures and 
thin micritic walls (Fig. 4.14a). 
Environmental significance: Red algae require hard substrates on which to nucleate 
and often occur in association with coral reefs in oligotrophic environments. 
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7.8.2.7 Green algae 
This classification includes Dasycladacean and Charophyceaen green algae. By far the 
greatest portion of this class is made up of Dasycladacean algae. In cross-section some 
Dasycladacean algae have circular outlines with an internal radial symmetry of elements 
about their central cavity or stem (Fig. 4.15a,e,f). In long section they have radiating 
porous tubes about the central cavity (Fig. 4.15g,h). Longitudinal sections through 
Choffatella decipiens SCHLUMBERGER foraminifera resemble longitudinal sections 
through green algae but are differentiated by the apparent chambered appearance of the 
internal central "cavity" (Fig. 4.15i). These forams are normally found in the southern 
Tethyan domains (N. Africa and Arabian Peninsula) (Sartorio and Venturini 1988). 
Preservation of dasycladacean algae's internal structure is characteristically poor as 
many where originally of aragonitic. composition which is destroyed during diagenesis. 
Mizzia-type algae may also be present in very small amounts (Fig. 4.15j.k) although 
their preservation is too poor for a definitive identification and may easily be mis-
identified as small fragments of bryozoans. 
Environmental significance: Charophytes appear to be restricted to non-marine 
environmental habitats (especially lacustrine). Environmentally they therefore indicate 
relative sea-level fall and fresh water incursion onto an almost emergent platform-top. 
From a sequence stratigraphic perspective they therefore are diagnostic of lowstands of 
relative sea-level. 
4.8.2.8 Benthic Foraminifera 
Benthic foraminifera are highly abundant in the Urgonian succession sensu lato and 
for purposes of this analysis have been divided into three 'classes' "Miliolid", 
Orbitolinidae, and other Calcareous foraminifera. 
4.8.2.8a "Milioid" foraminifera 
This 'class', for the purpose of JaccMat analysis, includes small benthic Textularidae 
(Figs 4.16.1), Gaudrinyina-Do{f!zia (Figs 4.16.j,k) Pfenderina (Figs 4.16.o,p) 
.-
Melathrokerion (Fig 4.16n), Glomispira (Figs 4.16.c,d) and Charentia (Fig. 4.16.m) 
simple agglutinated walled foraminifera and Milioidae (Figs 4.16.e,f,g,h,i) and 
Pseudotricolina (Fig 4.16.b) porcellaneous walled foraminifera. These foraminifera can 
be identify in both thin sections and acetate peels by their distinct shapes and internal 
architectures. They show a profusion of different characteristic morphologies including 
uniserial, biserial and radial and conical arrangements of their internal chambers. 
However, although the spatial habitats of these foraminifera across the platform are 
known (Figs 3.21a,b) in this study they have often been found to occur in mixed inner 
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and outer platform assemblages indicating extensive reworking and so have not been 
differentiated into separate "classes" for the purposes of analysis by JaccMat. However, 
different foraminifera grouped in this 'class' found to be common in facies associations 
identified using JaccMat have been differentiated in the microfacies describe in section 
5.4 of Chapter 5. 
Relatively large complex agglutinated outer-shelf foraminifera, that are easily 
mistaken for blue-green algae, have also been identified belonging to the Lituolacea 
superfamily (Figs 4.15.l,m,n,o,p,q). These including Pseudocyclammina lituus 
(YOKOYAMA) (Figs 4.15m), Everticyclamminia (Figs 4.15.n) and Pseudocyclammina 
liasica HOTTINGER. Rare compound calcitic-porcellaneous foraminifera Sabaudia 
n (Fig 4.16a) are also included in this "class". Troplina foraminifera are also included in 
this class (Fig. 4.18a). Trocholina foraminifera have a relatively thin outer 
porcellaneous wall and large internal camera typically infilled with spar. Where 
preservation is poor (or on acetate peels) they may appear to resemble calcitic 
foraminifera. Trocholina occur in high energy platform margin environments. 
Environmental significance: See Chapter 3, Fig. 3.21ab. 
4.8.2.8b Orbitolinidae foraminifera 
Orbitolindae foraminifera are relative large benthic forams with a distinct internal 
arrangement of camera whose micritic walls often appear like a 'chickenwire texture' in 
cross-section. Orbitolinidae display a range of external morphologies which may 
essentially be summarised as flattened cones or pear shapes with a round cross-section. 
Their appearance in longitudinal (Figs 4.17.a to j) and traverse (Figs 4.17k top) cross-
section are illustrated. 
Environmental significance: Orbitolinidae have a wide environmental range across the 
Urgonian platform sensu lato (see Chapter 3, Fig. 3 .2l.ab ). During episodes of increased 
platform shallowing immediately prior to marine transgression Orbitolinidae took 
advantage of the temporary increased abundance of detrital quartz, which had a 
detrimental effect on less hardy carbonate secreting organisms, to colonise 
environmental niches from which they had previously been excluded, including the 
inner platform. They multiplied rapidly in these new habitats at the expense of the 
indigenous autocthonous fauna as represented by the Orbitolinidae marl horizon 
(Arnaud-Vanneau 1980, Arnaud 1981, Arnaud-Vanneau et al. 1987) 
7.8.2.8c Other calcareous foraminifera 
This classification of parameter includes foraminifera with a calcareous wall 
composition. Unlike the previous two classes of foraminifera they show only a limited 
range of skeletal morphologies in cross sections and are dominantly of nummulitic-type. 
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By far their most common appearance in section is shown in Figures 4.18 c and d. Other 
smaller, and much rarer calcitic forams also distinguished including Tricellina (Fig. 
18b) and Nodusolaridae. 
Environmental significance: Nummulites foraminifera occui in relatively deep marine 
outer foreslope habitats. 
4.8.2.9 Ostracods 
These tend to be very small ( <0.5mm) with thin curved valves which appear to have 
no observable internal structure in thin section (but in fact have a fmely granular or 
prismatic microstructure). However, in cross-polarised light they show diagnostic 
extinction in one optical direction which appears undulose as the stage is rotated. In a 
very few instances the ventral and dorsal valves occur together in life position, with the 
valve edges diagnostically overlapping (Figs 4.18e,f,g). As unequivocal recognition 
· relies on the use of cross-polarised light, there is a possibility they may be confused with 
small bivalves on acetate peels. 
Environmental significance: They can occur in fresh water but are more widespread in 
brackish or hypersaline conditions of restricted circulation. 
4.8.2.10 Bryozoans 
Bryozoans are readily identified in either longitudinal or cross-section from thin 
sections or acetate peels based on their macro-morphology. In cross section they display 
an overall sub-rounded shape with a typical radial cellular arrangement of the zooecia 
within. In longitudinal section the zooecia tend to curve upwards and outwards from the 
central longitudinal axis. Almost all bryozoans observed in the Urgonian sensu lato 
were 'stick' bryozoans. 
Environmental significance: Bryozoans are sessile benthic marine dwellers and their 
shape reflects local hydrodynamic turbulence. Encrusting and colonial forms occur in 
high energy environments, whereas erect-folious branching forms prefer quieter water 
environments. 
4.8.2.11 Corals 
Corals in the Urgonian sensu lato are dominantly Scleractinia exhibiting irregular 
corallite morphologies in cross-section. 
Environmental significance: Corals suggest relatively high energy (photic, 
hydrodynamic etc.) conditions and may preferentially occur in the outer platform or 
platform-margin oligotrophic environments. 
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4.8.2.8.12 Echinoderms 
This class includes both echinoid and crinoid fragments. The surface of crinoid 
ossicles and plates displays a distinctive speckled appearance or granular microtexture 
reflecting small pores infilled with 'dirt'. Echinoid spines also occur with some still 
interconnected to one another in stems, best observed in longitudinal section, or are 
more frequently preserved individually. Individual echinoid spines are sub-rounded in 
cross-section and exhibit radial structures. The most diagnostic feature for identification 
in thin sections is that all echinoderm fragments show uniform extinction in cross-
polarised light. Syntaxial cement overgrowths are also very common around grains. On 
acetate peels echinoderms tend to have slightly higher reliefs than the surrounding 
grains and the frequent presence of syntaxial rim cements assists their identification. 
Environmental significance: Echinoderms occur most commonly in shallow tropical 
and temperate marine conditions during the Cretaceous often agitated by currents which 
provide steady feeding for crinoid life (Arnand-Vanneau et al. 1987). (Note: modem 
forms occur in shallow and deeper sea settings). 
4.8.2.13 Sponge spicules 
Sponge spicules, or sclerites, occurring m the Urgonian sensu lato are mainly 
identified from their external morphology. They have two main morphological styles. 
Their most common appearance in longitudinal section is that of a reticulate flattened 
lozenger-shape which tapers at each end. In cross-section they appear round. Radial 
branching forms are also observed. As sponges originally had a siliceous composition, 
or less commonly aragonitic, they are usually neomorphosed to sparry calcite. However, 
in some instances siliceous spheres associated with sponge spicules were observed 
which may represent cross-sections of unneomorphosed grains. Environmental 
significance: Sponges have occupied a wide range of depositional environments 
throughout their history. They were most common in quiet water pelagic, lower reef 
slope and deep shelf settings. 
4.8.1.2.14 "Calcispheres" 
"Calcispheres" have been used as a class in this study to describe generically small 
spherical bodies of calcite, usually with a micritic wall or coating. They may represent 
the calcified reproductive parts of dasycladacean algae or fine shell hash. In some 
instances they may be confused with cross-sections through worm tubes. 
Environmental significance: Unclear due to their vague genetic affmity. 
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4.8.2.15 Micrite 
Micrite is classified as calcite beneath 1-4Jl.m in grain size. 
Environmental significance: Varies depending on source of micrite (i.e. chemical 
precipitate or biogenic origin) in addition to it's time of occurrence (i.e. syndepositional 
or authigenic). 
4.8.2.16 Intraclasts 
This class includes all reworked, previously lithified or semi-lithified sediment. A 
range of intraclast compositions occur (e.g. Fig 4.18h). 
Environmental significance: Varies depending upon the composition of the intraclast 
and the distance they have been transported from their environment of origin. 
4.8.2.17 Worm tubes 
Worm tubes are built of concentric laminae of calcite (Fig. 4.18i). and may be 
fragmented (Fig. 4.18j). 
4.8.2.18 Peloids: 
Peloids have been used as a class to describe generically all grains that are almost 
entirely composed of micrite and which have no recognisable internal structure. They 
potentially include pervasively micritised skeletal grains, which may contain some 
vague relics of calcite and faecal pellets. Some may also represent micritic walled 
foraminifera with mud occluded internal chambers. 
Environmental significance: Varies depending on genetic affinity. 
4.8.2.19 Ooids 
Several types of ooid, grains with structured micritic layers about a central nucleus, are 
present in this class. Nuclei include skeletal fragments and forams. Concentric, 
superficial and radial ooids occur. Compound ooids are also present. 
Environmental significance: Warm, shallow-marine current-agitated environments on 
flooded platform-top. 
4.8.2.20 Early diagenetic grains-Glauconite 
A hydrous potassium iron alumino-silicate mineral easily identifiable in plane 
polarised light by its green to brownish green colour and occurring as rounded pellets. 
Environmental significance: Usually forms relatively "early" in fairly shallow-marine 
environments possible associated with depositional hiatuses. 
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4.8.2.21 Detrital grain-Quartz: 
The problems of differentiating between quartz and dolomite on acetate peels have 
already been discussed (see sections 4.3.2 and 4.4). 
Environmental significance: Reflect ingress of siliciclastic sediment into the system 
which may indicate relative sea-level fall, a carbonate depositional hiatus, subaerial 
exposure, or relative sea-level rise and carbonate platform 'drowning'. 
4.8.2.22 Diagenetic components-Dolomite: 
Although dolomite was present in the Urgonian strata, frequently occurring in well-
defined horizons it was omitted from the facies analysis. This is because it can be 
formed during early or late diagenesis, and under at least three different diagenetic 
regimes. There is an argument that its occurrence may reflect an increased propensity in 
the original sediment to this type of diagenesis thereby tying it to an original 
depositional setting but this link seems tenuous. The presence of dolomite replacing 
grains also makes it difficult to distinguish other grains-types in the assemblage. Other 
studies have attempted its inclusion as a diagnostic element in microfacies analysis 
nonetheless (e.g. Smosna and Warshauer 1979). 
4.8.2.23 Diagenetic components-Pyrite 
Although pyrite was observed at times in Urgonian sediment it is of authigenic origin 
and so was omitted from JaccMat analysis. 
4.8.2.24 Oncolites 
Although oncolites are included in the existing sub-facies FlO (Amaud-Vanneau et al. 
1987) these in fact appear to refer to skeletal grains with micritised rims which have 
been found to be widespread in this present study. This is merely a semantic problem. 
They don not appear to conform to the generic definition of oncolites proposed by 
Wright and Tucker 1990 after Fliigel 1982, and Richter 1983 of "coated grains with 
calcareous cortex of irregular partially onlapping laminae. " Some rudist fragments do 
have genuine oncolitic coatings. 
4.9 Summary 
It is now over twenty years since the concept of 'microfacies belts' defined by sharp 
boundaries separating distinct facies assemblages, embodied by 'standard microfacies', 
was first proposed and this technique still remains the most widely used framework for 
the description and environmental interpretation of limestone deposits. However, in the 
intervening years there have been significant advances in our understanding of carbonate 
depositional systems. These advances have lead to the emergence of a more dynamic 
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view of the nature of carbonate platform evolution in response to changes in 
depositional environment including fluctuations in relative sea-level. In order to 
describe and interpret ancient depositional systems within a framework of dynamic 
environmental changes requires the integration of both continuous gradational and 
abrupt stepped changes in sedimentary character within the context of the overall stratal 
architecture of the platform. This requires the use of new analytical tools. 
Advances in microcomputers in recent years have made available a range of 
advanced arithmetic analytical techniques to assist in the interpretation of large 
sedimentological data sets that in the past would have been too time consuming and 
laborious to have been considered. 
The use of computer optimized similarity matrices provides a way of analysing large 
data sets in a holistic way by minimising the subjective choice of which elements are 
included in the analysis. Furthermore, the technique makes no presumption about the 
nature of the data set. If the data set is characterised by well defined groups, each of 
which is unrelated to any other, then these are revealed as discreet clusters of uniformly 
high values of Jaccard's coefficients representing individual populations within the 
optimized matrix, separated form one another by 'gaps' of lower values in Jaccard's 
similarity coefficients. If on the other hand the elements analysed in the data are related 
to one another by continuous gradational changes then the data is ordered into a relay, or 
relays, along the central diagonal with similarity between the parameters decreasing in a 
systematic way as the distance between them along the relay increases. The former 
situation is interpreted as reflecting sharp environmental changes characterised by 
discreet "fixed" facies assemblages, whilst the later is interpreted as reflecting more 
gradual environmental changes characterised by continuous gradational shifts in 
sediment composition. Either of these two styles of sedimentary change, stepped or 
gradational, may occur spatially or stratigraphically in response to environmental 
changes. Breaking down relays into more traditional microfacies assemblages is purely 
arbitrary. 
Computer optimized similarity matrices allow the holistic presentation and 
interpretation of continuous systematic changes in sediment composition in response to 
gradual and continuous environmental changes, rather than breaking up such 
compositional shifts into arbitrary facies assemblages representing spatial 'snap shots' or 
temporal 'pin points' that only record a static instant within a dynamic spatial and 
temporal continuum. By allowing continuous gradational changes in sediment 
composition to be presented and characterised in a relatively comprehensible way, 
perhaps for the first time, computer optimized similarity matrices might be described as 
the equivalent of "sedimentary calculus". 
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The twenty-five parameter "classes" define in this chapter to describe limestone 
composition have been analysed using optimized similarity matrices to identify 
similarities between samples and parameters in order to assist in characterising the 
facies associations present in the Urgonian platform resulting from dynamic 
environmental changes during the platform's evolution. 
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Fig. 4.12 Stratigraphic distribution and abundance of Rudist bivalves by family (after S~ ~\\~ and Gill 
1988), highlighting those potentially present in the Urgonian sensu stricto. 
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Fig. 4.13 (Facing page). Rudist bivalves. (a) Characteristic cross-sectional morphology through a rudist 
bivalve. The shell is biminerallic with an outer calctic layer and a thinner inner originally aragonitic layer .. 
The inner layer of mineralogical unstable aragonite has been replaced by calcite (sample: a312, 
magnification x 19 plane-polarized transmitted light) (b) Rudist bivalve fragment with characteristic 
biminerallic shell consisting of a thick prismatic outer calcite layer and thin originally aragonitic, now 
neomorphosed, inner layer. In plane polarised transmitted light {right) the outer shell is covered with thin 
curved striations and has a pale-brown colour. In cross-polarised transmitted light (left) the prismatic 
nature of the outer calcite shell is revealed. Calcitic prisms or pillar in the outer layer of the shell are 
common element in rudists. The edges of the shell fragment have undergone some bioerosion with various 
small borings present (sample: a209, magnification x ~-
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Fig. 4.14 (Facing page) (a) Red coralline algae with diagnostic internal micritic thin walled laminated 
cellular structure (sample: s500, magnification x ~- (b) Microbial mud clot with remnants of an internal 
micritic walled irregular cellular structure in an intermediate stage of disintegration to lime mud (sample: 
s561, magnification x 29. (c) Oyster with an internal calcite multi-foliated nacreous shell structure. Gaps 
between shell layers are infilled with block sparite. Some chertification of shell structure is also present 
(sample: a402, magnification x ij. 
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Fig. 4.15 (Facing page) (a) Traverse section through algaeActinoporella podolica (ALTH) (sample: s494, 
magnification x ~- (b) Traverse section through a dasycladacean green algae with an outer oolitic coating 
(sample: s126, magnification x ~-(c) Traverse section through a green algae with 
an outer oolitic coating (sample: sl085, magnification x fo1. (d) Traverse section through . 
. green algae (sample: s532, magnification x ~- (e) Traverse section through a dasycladacean 
green algae (sample: s497, magnification x ~. (f) Travers~ section through a dasycladacean green algae 
. . 
(sample: XJ, magnification x ~- (g) Longitudinal sections cut parallel to the central cavity of two 
dasycladacean green algae (sample: s62, magnification x ~· (h) Longitudinal section cut parallel to the 
central micrite infilled cavity of a dasycladacean green ·al3ae (sample: s494, magnification x ~- (i) 
Longitudinal cross-section through Cho.ffatella decipiens -3CHLUMBERGER foraminifera similar in 
appearance to longitudinal sections through green-algae (sample: a944, magnification x ~- G) left: blue-
green algae, right: longitudinal section through a cordiacean algae (sample: a40lb, magnification x ~- (k) 
Cordiacean algae (sample: s630, magnification x .lij. (1)-(q) Large complex agglutinated foraminifera 
belonging to the Lituolacea superfamily. These complex agglutinated foraminifera have a passing 
resemblance to blue-green algae for which they may be mistaken. (l) Basal and longtitudinal sections 
through agglutinated foraminifera (sample: al094, magnification x ~- (m) Complex agglutinated 
foraminifera: Pseudocyclammina lituss (YOKOYAMA) (sample: s697, magnification x~. (n) 
Everticyclammina (sample: s72b, magnification x ~- (o) Agglutinated foraminifera (sample: s494, 
magnification x ::;ij. (p) Agglutinated foraminifera (sample: s494, magnification x 2). (q) Agglutinated 
foraminifera (sample: al085, magnification x ~-
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Fig. 4.16 (Facing page) "Miliolid" foraminifera. This 'class', for the purposes of JaccMat analysis, 
includes benthic porcellaneous and simple and complex agglutinated foraminifera present in the Urgonian . 
sensu lato. (a) Sabaudia composite calcitic-miliolid foraminifera (sample: s63, magnification x 10). (b) 
Pseudotriloculina n. sp. ARNAUD-VANNEAU (sample: s61, magnification x 1~ (porcellaneous-
walled). (c) to (d) Agglutinated-walled foraminifera: (c) Glomospira urgoniana; ARNAUD-V ANNEAU 
. (sample s126, magnification x 1~. (d) Glomospira sp. (sample: s126, magnification x 1~. (e) to (i) 
Miliolidae, porcellaneous-walled foraminifera: (e) Quinqueloculina sp. (sample: s124, magnification x 
10:). (f) Quinqueloculina aff. danubiana NEAGU (sample: s125,. magnification x 1~. (g). 
Quiniqueloculina robusta NEAGU, with outer oolitic coating (sample: s62, magnification x 1~. (h) 
Triloculina sp. (sample: s62, magnification x 1~. (i) Quinqueloculina sp. (sample: s66, magnification x 
10). G) to (p) Simple agglutinated walled foraminifera. G) and (k) Gaundryina-Dorothia. G) Dorothia cf 
hauteriviana (sample: s63, magnification x 10:). (k) Dorothia cf hauteriviana (sample: s63, magnification 
x 1().). (l) Textularia ? sp. (sample: s62, magnification x 10) (m) Charentia cuvil/ieri NEUMANN 
(sample: s124, magnification x 20:). (n) Melathrokerion valserinensis BRONNIMANN and CONRAD 
(sample: s69, magnification x 1(}}. (o) Pfenderina globosa FOURY (sample: s62, magnification x 10:). (p) 
Pfenderina globosa FOURY (sample: s66, magnification x 10). 
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Fig. 4.17 (Facing page) Orbitolinidae foraminifera present in the Urgonian sensu /ato. (a) Axial section 
through Palaeodictyocon'lis cuvi/lieri FOURY (s~ple: s494, magnification x 2}. (b) Axi~l seA jon through 
Palaeodictyoconus cuvi/lieri FOURY (sample: a1089, magnification x 2} dolomite rhombs occur witllli1 
some of the camera. (c) Axial section through Palaeodictyoconus cuvi/lieri FOURY (:-c:mple: siS!:\ 
magnification x 4<} borings are.present. (d) Axial section through Palaeodictyoconus. cuviiiieri FOU."!:' 
(sample: a1094, magnification x :ij. (e) Axial section through Palaeodictyoconus cuviltieri FOUi1/ 
, 
(sample: a494, magnification x 24- (f) Axial· section through Palaeodictyoconus cuvil/ieri FOW .":' 
(sample: a494, magnification x l}. (g) Axial section through Paracoskinolina sunnilande.:..<~is MA Y1 : -, 
(sample: IX, magnification x 4<) A single large replacement dolomite rhomb is present. (h) Axial sec:ticr. 
through Palorbito/ina sp. (sample: EX, magnification x l}. (i) Axial section through .Jof".;.~l'"l'l·..,·· f.v<A 
. {~,c)..~,hf-, .. '.J )._: (sample: s159, magnification x 4>). G) Axial section through Va/danchel/a cf 
miliani SCHROEDER (sample XE, magnification x ~- (k) Basal section through Palaeodictyoconus 
cuvillieri FOURY (sample: s494, magnification x 2>). (I) Basal section through Palaeodictyoconus 
cuvillieri FOURY (sample: sl59, magnification x 2>), borings are present. (m) Basal section through 
Paracoskinolina sunnilandensis MAYNC (sample: s471, magnification x ~- (n) Basal section through 
Palaeodictyoconus cuvillieri FOURY (sample: s494, magnification x ~- (0) Basal section through 
Palaeodictyoconus cuvillieri FOURY (sample: s494, magnification x ~- (p) Basal section through 
Paracoskinolina cf hispanica PEYBERNES (sample: sl59, magnification x ~-
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Fig. 4.18 (Facing page) (a) Trocholina cf alpina LEUPOLD and BIGLER. Trocholina foraminifera have 
a relativ~ly thin outer porcellaneous wall and a large internal camera typically filled With spar. Where 
preservation is poor (or on acetate peels) they may appear to resemble calcitic foraminifera (sample: 
al089, magnification x ~- (b) Tricellina foraminifera (sample: s25, magnification x .tij. (c) Nummulities 
foraminifera (sample: s561, magnification x ~- (d) Oblique section through a Nummulities foraminifera 
(sample: sl38, magnification x 2). (e) Ostracod (sample: s62, magnification x J:.). (f) Ostracod (sample: 
s756, magnification x 1~. (g) Ostracod with dorsal and ventral valves diagnostically overlapping (sample: 
s29, magnification x 1~. (h) Intraclasts (sample: s32, magnification x ~- (i) Worm tube (sample: s557, 
magnification x 4:}. G) Worm tube fragments (sample: s48, magnification x 4). 
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Chapter 5 
The Microfacies of the Urgonian Platform 
5.1 Introduction 
This chapter seeks to identify, describe and interpret the environmental significances 
of microfacies assemblages and changes in sediment composition that characterise the 
Urgonian platform sensu /ato of the northern subalpine chains of southeast France. 
In order to overcome the limitations of the traditional microfacies descriptive 
approach, discussed in the previous chapter, computer optit'lized similarity matrices 
between limestone compositional parameters are present~d from a series of logs to show 
differences in the spatial and temporal nature of variations in sediment composition in 
response to environmental changes across the platform. These similarity matrices have 
been used to compare and contrast differences in palaeogeographic and stratigraphic 
depositional 'gradients' to assist in the interpretation of platform evolution within a 
framework of dynamic relative sea-level and environmental changes. The computer 
optimized similarity matrices between components presented in this chapter have also 
been used, in conjunction with optimized similarity matrices of samples (Appendix E), 
to ~sist in defining conventional facies assemblages using the criteria discussed in the 
previous chapter. 
5.2. Location and extent of the study area 
The site of the study area is located in the northern most part of the Subalpine Chains 
(Fig. 3.land 3.2) and includes the Borne and the Bargy and Aravis Mountain Chains. A 
summary map of the geography of the area, naming all the significant locations referred 
to in the text of this and subsequent chapters, is shown in Figure 5.1.i. The geology of 
the study area is summarised in Figure 5.2. and shows the Urgonian deposits mainly 
outcropping in the mountain ranges formed by the limbs of NE-SW trending synclinal 
and anticlinal folds. The study area includes the Borne and Bargy Chains to the 
northwest, the Aravis Chain to the southeast, and stretches from Themes in the 
southwest to as far northeast as Cluze. Both the Aravis and Bargy Chains are cross cut 
by a series of northwest-southeast trending combes that afford spectacular cross-
sectional viewsthrough the Urgonian succession (Fig. 5.li and 5.l.ii). Superimposing 
the position of the study area on the existing palaeogeographic scheme for the whole 
Urgonian Platform (shown in Fig. 3.5) suggests a generalised broad transition across 
this region from relatively stable platform to the northwest to subsident basin to the 
southeast. Figure 5.3a shows the locations of all the sedimentary logs recorded in this 
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study. A total of twenty one logs were recorded (Appendix C) in order to construct a 
palaeogeographical and stratigraphic framework for the interpretation of platform 
evolution. All grid references to locations refer to Institut Geographique National, 1: 25 
000, La Clusaz-Grand Bomand, 3430 ET, Top 25, which can be purchased from many 
outlets in the field area. 
5.3 Optimized similarity matrices 
5.3.1 Introduction 
This section briefly compares and assesses the possible meaning of spatial and 
stratigraphic differences in compositional depositional gradients identified by optimized 
similarity matrices within the Urgonian platform sensu lato. The level of significance or 
confidence that can be placed in these results is also assessed. 
In order to compare meaningfully optimized similarity matrices calculated from data 
from sedimentary logs at different spatial locations within the Urgonian platform it is 
important that similar parts of the sedimentary succession are being considered. Due to 
the mountainous nature of the terrain in the study area (Figs 5.l.ii, 5.l.iii) and the 
variable degree of Tertiary erosion ofthe upper part ofthe succession it was not always 
possible to log the whole platform succession at each location shown in Figure 5.3a. For 
the purposes of comparing optimized similarity matrices of parameters calculated from 
different locations within the study area sedimentary logs can be conveniently 
subdivided into three categories: (1) Those logs covering the basal platform succession 
starting from the Hauterivian-Urgonian boundary and extending upwards to 'mid-
succession'. Logs falling into this category include: Col des Aravis (GR.09197 21061), 
Col de Landron (GR.09074 21176), Combe de Grand Cret (GR.09239 21110), Combe 
de Paccaly, (GR.09235 21107), Combe de Tardevant (GR.09240 21112), Combe de la 
Torchere (GR.09220 21075) and Roc des Tours (GR.09160 21210). (2) Those logs 
covering the upper part of the platform, starting broadly at 'mid-succession' and 
terminating at or near the upper boundary of the Urgonian Limestone. Logs in this 
category include: Les Combes (GR.09177 21220), Col du Spee (GR.09129 21183), 
Combe de la Grande Forclaz (GR.09245 21120) and Le Creuse (GR.09213 21067). (3) 
Logs which cover almost the whole platform succession from immediately above the 
Hauterivian basal contact to the top of the Upper Urgonian Limestone. Sedimentary logs 
in this category include: La Clusaz road section (GR.09168 21090), Cluze road section 
(GR.09281 21262), Combe de la Bella Cha (GR.09220 21090), Petit Bornand road 
section (GR.09136 21225), Pic de Jallouvre (GR.09191 21190), Pointe du Midi 
(GR.09201 21202), Thones (GR.09093 21060), Col de Encrenaz (GR.09229 21219), 
Rochers de Leschaux (GR.09165 21205) and the Unnamed combe north of Pointe 
Percee (GR. 09270 21169). 
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In addition to the analysis of data from individual logs several combined data files 
were also constructed of amalgamated data from different spatial locations within the 
platform in order to assist in correlations between samples across the Urgonian Platform 
and in defining facies assemblages. Three combined data files were constructed using 
the categories defined above to characterise the lower, upper and whole platform 
succession at different locations within the study area. Not all of the individual log data 
files within these categories could be included due to the limits in memory capacity of 
existing Personal Computers, with about 450K of available memory for a machine with 
a total memory of 670K, the biggest matrix optimized was confmed to 237 x 237 
samples (Appendix F: 'Platform' sample matrix). The combined data set "Platform" 
links dataS from sedimentary logs with the greatest stratigraphic coverage through the 
whole platform including logs at La Clusaz road section, Cluze road section, Combe de 
la Bella Cha, Unnamed combe north of Pointe Percee, Petit Bomand road section and 
Pic du Jallouvre (Fig. 5.3.b.i). The combined data file "Top" characterises the upper 
platform succession by combining petrographic datas from logs at Le Combes, Col du 
Spee, Combe de la Grande Forclaz and Le Creuse (Fig. 5.3.b.ii). The combined data file 
"Bottom", was constructed to characterise basal platform deposits immediately 
overlying the Hauterivian basinal deposits and combined petrographic datas from logs at 
Col des Aravis, Col de Landron, Combe de Grand Cret, Combe de Paccaly, Combe de 
Tardevant, Combe de la Torchere and Roc des Tours. (Fig. 5.3.a.iii). The geographic 
spread oflogs used in each of these combined data files is summarised in Fig. 5.3.b. 
The final class of combined data file analysed were those for two laterally traceable 
megabreccia horizons occurring in parts of the basal Urgonian succession sensu lata 
that could be traced considerable distances northeast to southwest between combes in 
the southwestern part of the Aravis Chain. 
5.3.2 Level of significance of trends and patterns identified by optimized similarity 
matrices 
Of the 728 samples collected 669 were found to be suitable for inclusion in JaccMat 
analysis between samples and parameters. Most of the sixty samples omitted form 
Jaccmat analysis were excluded because of the presence of a high proportion of 
replacive dolomite which made the original sediment composition difficult to determine 
with confidence. 
Of the twenty-five constituent parameters used to describe individual limestone 
samples outlined in the previous chapter nineteen were ultimately selected for JaccMat 
analysis to assist in identifying similarities between samples and environmental 
gradients between limestone components. The parameters excluded from the fmal 
analyses comprised dolomite, sparite, calcispheres, intraclasts worm tubes and calcitic 
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foraminifera. Dolomite was omitted because of its non-environmentally specific 
diagenetic origin. Diagenetic sparite was not included as it acted as a double negative if 
micrite was absent and was essential only recording depositional porosity. The biogenic 
grain-types omitted from the fmal selection were eliminated by a process of trial and 
error by using various permutations of parameters in 'runs' of JaccMat. Calcispheres, 
intraclasts, and calcitic foraminifera were not used due to their potential polygenetic 
origin as discussed in section 4.8. Trace grains such as worm tubes were excluded as 
they were judged ultimately not to be environmentally significant. 
Each sample included in the optimized Jaccard's similarity matrices analysis is 
defined by the presence of a minimum of two parameters and a maximum of nineteen 
parameters. Each sample may include any possible permutation of different numbers 
and types of parameters that fall in this range. 
Using Combination Theorem it is possible to calculate the number of potential 
permutations and combinations which may occur by summing the values of nCr 
between the limits of 2 and 19. Where nCr is defmed by Combination Theorem as: 
n=19 
nCr= L. n!/r!(n-r)! 
r=2 
were n=total the number of parameters (19), 
and r = number of variables (between 2 and 19) 
This calculation yields the possible number of permutations and combinations defmed 
by the presence and absence of different grain-types used in this analysis as being 
524268. In other words the chance of any two samples randomly having identical 
composition, and therefore a value of Jaccard's coefficient of one, is 1 in 524268. 
Although there is no statistical significance test for Jaccard's coefficients (section 4.7.8) 
it appears highly likely that with the potential for over half a million different variations 
of parameters defining samples that any similarities between samples or components 
indicated by relays or clusters in the optimized matrix are of important significance. 
Tables 5.1 and 5.2 show the break down of the number of times each component 
parameter occurs, out of the total number of samples microscopically described, for 
each of the individual sedimentary logs and within each of the combined data files 
respectively. These data were used in selecting parameters to be included in 'runs' of 
JaccMat between samples and also assist in assessing the relative importance of 
similarities between parameters identified using JaccMat. For example, a parameter 
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Number of samples in 669 73 44 36 36 9 34 10 50 32 34 37 26 10 26 38 25 19 34 34 21 46 
data set 
Number of occurrences of 
parameter in data set 
Red algae 36 1 3 0 1 2 0 2 2 4 1 3 4 2 4 1 1 2 0 2 0 1 
Green algae 301 37 26 21 8 8 10 5 22 9 16 9 17 6 11 18 9 10 10 10 13 21 
Rudist bivalves 243 33 28 19 4 8 5 5 11 2 20 3 6 6 6 7 17 5 2 13 0 25 
Bivalves 659 70 43 21 36 8 34 10 49 32 34 37 26 10 26 38 25 18 34 34 20 45 
Brachiopods 621 67 43 21 33 6 31 9 47 30 30 37 25 10 25 34 20 15 33 33 20 43 
Peloids 634 73 43 21 33 6 34 10 43 30 33 35 26 10 24 37 23 14 32 34 20 45 
Ooids 195 18 15 4 7 0 7 2 17 13 1 18 11 7 7 5 8 4 15 6 12 15 
Calcispheres 376 28 18 20 30 3 21 7 38 15 22 29 9 8 23 29 9 4 12 11 15 19 
Intraclasts 394 58 29 18 9 5 12 8 25 11 28 21 21 7 13 19 12 7 22 23 9 29 
Glauconite 25 1 0 . 3 0 0 5 1 5 1 1 2 0 1 0 0 1 1 0 0 2 1 
Quartz 384 65 8 18 29 3 23 1 41 22 18 29 13 8 22 20 2 6 14 1 15 22 
Worm tubes 87 0 7 0 9 0 9 3 10 7 1 10 5 3 5 8 0 0 0 0 6 3 
Orbitolinidae forams 284 37 29 19 3 5 5 4 23 14 19 10 14 6 3 14 9 8 17 11 5 22 
Calcitic forruns 277 16 23 10 23 4 13 6 32 16 15 24 15 8 12 13 1 7 7 5 14 12 
Miliolid forams 580 65 41 21 35 8 29 9 47 30 33 37 23 10 22 29 16 12 25 22 20 37 
Sparite .589 67 40 21 27 7 34 10 33 28 33 32 25 9 15 36 24 14 29 34 16 46 
Micrite 536 59 37 18 35 8 24 8 43 23 25 32 13 8 26 28 20 17 20 26 19 36 
Microbial mud clots 62 6 9 2 3 3 2 3 1 0 3 3 3 0 1 8 3 5 0 5 0 0 
Bryazoans 235 22 16 1 2 1 16 4 26 17 3 22 19 6 11 9 6 6 17 9 12 6 
Corals 234 27 20 5 2 5 13 7 11 10 8 17 15 4 15 10 4 12 19 15 6 7 
Echinoderms 620 65 37 20 35 4 34 10 49 31 29 37 26 10 25 37 22 16 32 34 20 38 
Sponge soicules 120 0 3 0 19 2 4 0 24 11 0 21 4 2 19 1 0 2 0 0 6 0 
Ostracods 180 I 13 I 30 I 2 4 25 11 11 18 4 4 17 12 2 3 0 5 8 7 
G_astropods 235 25 18 3 6 5 13 6 16 9 9 7 18 5 8 13 8 9 13 14 8 18 
Table 5.1 Shows the break down of the number of times each component parameter occurs out of the total number of samples microscopically described for each of the 
sedimentary logs. This data was used in selecting parameters to be included in 'runs' of JaccMat between samples and also assists in assessing the relative importance of 
similarities betw~~cn parameters identified using JaccMat. 
~ 
r:;· 
C3 
'i} 
("') 
~· 
c.., 
~ 
~ 
~ 
$ 
OQ g 
§' 
"'o 
~ 
~ 
~ 
Microfacies of the Urgonian Platform 
Comhinec Data SP.t<:. 
Combined Lower Upper BOITOM TOP PLATFORM 
Megabreccia Megabreccia Megabreccia 
Data set Horizon Horizon 
Number of samples in 100 61 39 195 101 237 
data set 
Number of occurances of 
parameter in data set 
Red algae 12 8 4 14 4 13 
Green algae 42 29 13 66 58 121 
Rudist bivalves 21 15 6 26 61 100 
Bivalves 100 61 39 195 101 231 
Brachiopods 97 59 38 186 92 217 
Peloids 96 59 37 186 99 222 
Ooids 43 33 10 71 11 73 
Calcispheres 75 46 29 141 76 106 
Intraclasts 56 38 18 82 71 52 
Glauconite 3 3 0 11 5 8 
Quartz 73 41 32 148 55 135 
Worm tubes 26 17 9 49 12 22 
Orbitulinidae forams 27 24 3 46 55 120 
Calcitic forams 59 41 18 110 44 94 
Miliolid forams 96 60 36 183 90 204 
Sparite 78 51 27 161 98 203 
Micrite 89 52 37 167 77 191 
Microbial mud clots 6 3 3 9 16 27 
Bry~zoans 53 36 17 88 15 95 
Corals 40 21 19 67 29 89 
Echinoderms 99 61 38 192 94 215 
Sponge spicules 49 25 24 82 1 33 
Ostracods 59 32 27 90 26 48 
Gastropods 29 21 8 56 31 95 
Table 5.2 Shows the break down of the number of times each component parameter occurs out of the 
total number of samples included in each of the combined data files. This data was used in selecting 
parameters to be included in 'runs' of JaccMat between samples and also assists in assessing the relative 
importance of similarities between parameters identified using JaccMat. Combined data sets 
amalgamate individual log data sets or samples. The megabreccia data sets bring together samples from 
the megabreccia horizons recorded in different logs within the Aravis Chain. Data set 'Bottom' 
combines petrographic data from logs taken through the lower part of the Urgonian platform including 
Col des Aravis, Col du Landron, Combe de Grand Cret, Combe Torchere, Combe Paccaly and Roc des 
Tours. Data set 'Top' combines petrographic data from logs through the upper part of the Urgonian 
Platform including Les Combes, Col d' Spee, Combe de Ia Grand Forclaz and Le Creuse. Data set 
'Platform' combines petrographic data from logs which have the maximum amount of stratigraphic 
coverage through the Urgonian Platform from above the Hauterivian to the top of the Urgonian 
Limestone and includes La Clusaz, Bella Cha, the unnamed com be north of Pointe Percce, Pic Jallouvre 
and Thone. 
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w 
1'.1 
~ Site of Sedimentary Log 
1 ·La Clusaz Road Section 
2 Cluze 
3 Les Combes 
4 Col des Aravis 
5 Col de Enccrcnaz 
6 _Col de Landron , 
7 Col du Spec 
8 Combe de Bella Cha 
9 Combe de Grand Crct 
10 Combe de Ia Grande Forclaz 
11 Com he de Paccaly 
12 Combe north of Pointe Percce 
13 Combe de Tardevant 
14 Combe de Ia Torchcre 
15 Le Creuse 
16 Petit Bornand Road Section 
17 Pic Jallouvre 
18 Pointe du Midi 
19 Rochers de Leschaux 
20 Roc des Tours 
21 Thone 
Fig. 5.3a Location map of sedimentary logs recorded and sampled in the study area. 
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Combe du Combe de Ia 
Mont Charvet Grande Forclaz 
Tete de Ia 
Forclaz 
I 
Les Pointes 
Roc des Tours 
Roc de Charmieux I I 
Combe de 
Tardevant 
I 
Le juclon 
Combe du 
Grand Cret Combe de Belli Cha 
Pointe Percaa 
r 
Pic de Pnte Pnte JaiiTv.e Blanl che Col de du Ml idi 
Balatrasse 
I 
Combe de 
Ia Balme 
I 
LeGrand Bargy 
I 
Combe de 
Ia ToTe" 
NE 
sw 
Ia Creuse 
(a) Shows part of the SW-NE trending Aravis Mountain 
Chain between Col des Aravis and Pointe Pcrcee as seen 
looking east from Roc des Tours in the Bargy Mountain 
Chain. The Aravis Mountain Chain is formed by the southern 
limb of the La Clusaz syncline and is cross cut by a series of 
NW-SE trending combs. The walls of these combs reveal 
spectacular exposures of the limstone succession which arc 
described in the text. The grey weathered rock peaks between 
combs correspond to the Urgonian strata sensu lata. The 
snow in the base of the combs hides the underlying, usual 
brown weathered. Hauterivian strata. The Aravis 
Mcgabrcccia Horizons can be traced along the Aravis Chain 
in the walls and fl oors of adjacent combs from Combe du 
Mont Charvct to Combe de Ia Torchere. 
(b) Shows the northern most part of the Aravis M ountain 
Chain north of Pointe Percee (2750m) as observed looking 
cast from Col d' Encrenaz in the Bargy Chain . Here the 
tradition is to name peaks rather than combs . The si te of the 
most northerly log described in the Aravis M ountain Chai n is 
marked as "unnamed com be" (GR. 09270 21 L69). P01n te d' 
Almet part of the pre-Alp ine klippe sitting in the centre of the 
La Clusaz syncline is seen in the bottom right forl·ground. 
The snow and cloud covered peak in the background top ldt 
is M ont B lanc. 
(c) Shows part of the SW-NE trending Bargy l\lount:lln 
Chain a-; seen viewed looking west from Comoe de Ia 
Torchere in the Arav is Chain. T he Bargy M ountain Ch.un '' 
formed by the no rthern limo of the La Cl usaz ~yncline. The 
grey weathered rock expo~u rcs 111 the background correspond 
to the Urgonian st rata sensu la ta. Locations dcscri oed and 
diseuo;scd in the text arc labelled. The lower grass covered 
mountain 111 the foreground partial!)' obscuring Lc Buclon is 
'\font Lachat de Chatillon part or the pre-Alpine kltppe 'ttttng 
Ill the centre or the L1 Clusaz syncline. 
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Microfacies of the Urgonian Platform 
Fig. 5.3.b (Facing page). Maps showing the locations of the individual sedimentary log whose 
petrographic data files were amalgama(ed to form three combined data files analysed using JaccMat for 
the purposes of making spatial and stratigraphic comparisons between samples across the Urgonian 
platform. (i) Platform Data File: Combines petrographic data from sedimentary logs which have the 
maximum amount of stratigraphic coverage through the Urgonian Platform from above the Hauterivian 
basinal facies to the top of the Urgonian Limestone. (ii) Top Data File: Combines petrographic data from 
sedimentary logs taken through the upper part of the Urgonian platform. (iii) Bottom Data File: Combines 
petrographic data from sedimentary logs taken through the lower part of the Urgonian platform. 
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Scale-1:80000·· /StPierre~~ ~ 
~ Thones 
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[~ 
/ 
/ 
LeReposoir 
~/ 
Pnte d' Areu 
\ 
Fig. S.l.i. Simplified geographic map of the study area 
(i) Platform Data File 
1 La Clusaz Road Section 
2 Cluze Road Section 
8 Combe de Bella Cha 
l2 Combe north of Pointe Percee 
16 Petit Bornand Road Section 
17 Pic Jallouvre 
(ii) Top Data File 
3 Les Combes 
7 Col du Spee 
10 Combe de Ia Grande Forclaz 
15 Le Creuse 
(iii) Bottom Data File 
4 Col des Aravis 
6 Col de Landron 
9 Combe de Grand Crct 
11 Combe de Paccaly 
13 Combe de Tardevant 
14 Combe de la Torchcre 
20 Roc des Tours 
Fig. 5.3b 
134 
Microfacies of the Urgonian Platform 
which is relatively rare in a data set may influence the Jaccard's coefficients between all 
other parameters if it occurs in only a very few samples which contain a wide range of 
other parameters. This may even occur if the parameter is present in only a single 
sample within the data set. These tables assisted in reducing spurious high values of 
Jaccard's coefficients for very rare parameters being included in optimized similarity 
matrices which may otherwise distort the relationship between the other parameters in 
any particular data set, by allowing the number of occurrences of a parameter to be 
compared with its position in the resultant optimized matrix. If very rare parameters 
with high values of Jaccard's coefficient were identified as occurring towards the middle 
of the central diagonal in the optimized matrix then the optimizations was rerun with the 
'offending' parameter excluded from the analysis and any changes in relationship 
between the other parameters noted. However, as far as was possible, as many of the 
parameters present in the individual data sets were included in each analysis so 
comparisons between optimized matrices calculated from different spatial and 
stratigraphic locations within the study area could be made. 
These tables also give an impression of the relative importance of the occurrence of 
different grain-types within the platform. For example, in earlier studies the presence of 
green dasycladacean algae has been used as a criteria for identifying subaerial exposure 
surfaces where other indications of exposure are not readily observed (Hunt 1992), but 
these tables indicate that green dasycladacean algae are not an uncommon constituent 
within the "background" platform sediment, occurring in 301 out of a total of 669 
samples (i.e. in 45% of samples in the total data set). This suggests that the presence of 
green dasycladacean algae alone would be a poor criteria for the differentiation of 
subaerial exposure surfaces from "normal" bedding surfaces within the platform. 
5.3.3 Spatial and stratigraphic comparison of optimized matrices between 
parameters. 
Graphic optimized similarity matrices between limestone component parameters 
calculated from the data sets of individual sedimentary logs located in Figure 5.3a are 
show in Figures 5.4 to 5.7. Graphical optimized similarity matrices of parameters for 
combined data files are shown in Fig 5.8. The numeric versions of these similarity 
matrices produced as "raw" JaccMat output are included in Appendix D. The resultant 
optimized arrangements of parameters within the matrices reflect stratigraphic and 
spatial environmental controls. This section briefly compares, contrasts and interprets 
the environmental and depositional significance of the configuration of optimized 
similarity matrices between parameters both spatially and stratigraphically. The 
interpretations of optimized similarity matrices between parameters are integrated with 
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Fi~. 5.4 (Facing page). Graphic representation of optimized similarity matrices of Jaccard's coefficients 
between parameters calculated using JaccMat from sedimentary log data sets collected through the lower 
part of the Urgonian Platform succession. (A) Combe de Torchere log located in the Aravis Chain (GR. 
09220 21075). (B) Combe de Grand Cret log located in the Aravis Chain (GR. 09230 21110). (C) Combe 
de Paccaly log located in the Aravis Chain (GR. 09235 21107). (D) Roc des Tours log located in the 
Barge (Borne) Chain (GR. 09160 21210). (E) Col des Aravis log located in the Aravis Chain (GR. 09197 
21061). (F) Col du Landron log located in the Borne (GR. 09074 21176). See text for discussion. Grid 
references refer to 1: 25 000 La Clusaz-Grand Bornand, IGN, sheet 3430 ET, Top 25. 
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Fig~ 5.7 Graphic rep·:esentations of optimized similarity matrices of· Jaccard's 
coefficients between rarameters calculated using JaccMat from sedi~entary logs 
with the maximum amount of stratigraphic coverage through the Urgonian 
Platform from above tie Hauterivian basinal facies to the top of the Urgonian 
Limestone (A, B, C, E) and from the data set of a sedimentary log through the 
lower part of the Urg:mian Platform succession (D). (A) Col de Encerenaz log 
located in the Barge (Borne) Chain (GR. 09229 21219). (B) Point du Midi log 
. located in the Barge :Borne) Chain· (GR. 09201 21202). (C) Thones log (GR. ' 
09093 21060). (D) Ccmbe de Tardevant located in the Aravis Chain (GR. 09240 
21112) .. (E) Rochers cl.e Leschaux located in the Borne (GR. 09165 21205). See 
text for discussion. Gcid references refer to l: 25 000 La Clusaz-Grand Bornand; 
IGN, sheet 3430 ET; Top 25. 
Fig. 5.7 
Microfacies of the Urgonian Platform 
Fig. 5.6 (Facing page). Graphic representations of optimized similarity matrices of Jaccard's coefficients 
between parameters calculated using JaccMat from sedimentary log data sets with the maximum amount 
of stratigraphic coverage through the Urgonian Platform from above the Hauterivian basinal facies to the 
top of the Urgonian Limestone. (A) Log of unnamed combe north of Pointe Percee located in the Aravis 
Chain (GR. 09270 21169). (B) Pic de Jallouvre log located in the Barge (Borne) Chain (GR. 09191 
21190). (C) Cluze road section log located in the Barge (Borne) Chain (GR. 09281 21262). (D) Combe de 
Bella Cha log located in the Aravis Chain (GR. 09220 21090). (E) Petit Bornand road section log located 
in the Borne (GR. 09136 21225). (F) La Clusaz road section log (GR. 09168 21090). See text for 
discussion. Grid references refer to 1: 25 000 La Clusaz-Grand Bomand, IGN, sheet 3430 ET, Top 25. 
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Fig. 5.8 (Facing page). Graphic representations of optimized similarity matrices of Jaccard's coefficients 
between parameters calculated using JaccMat from combined data sets. (A) Combined Megabreccia Data 
File: includes petrographic data from all the samples taken from both Upper and Lower Aravis 
Megabreccia Horizons. (B) Lower Aravis Megabreccia Horizon: includes petrographic data from all the 
samples taken from the Lower Aravis Megabreccia Horizon. (C) Upper Aravis Megabreccia Horizon: 
includes petrographic data form all the samples taken from the Upper Aravis Megabreccia Horizon. (D) 
Platform Data File: includes petrographic data from logs with the maximum amount of stratigraphic 
coverage through the Urgonian Platform from above the Hauterivian basinal facies to the top of the 
Urgonian Limestone (Fig. 5.3b). (E) Top Data File: Combines petrographic data from logs taken through 
the upper part of the Urgonian platform. (F) Bottom Data File: includes petrographic data from logs taken 
through the lower part of the Urgonian platform. See text for discussion. Grid references refer to 1: 25 000 
La Clusaz-Grand Bornand, IGN, sheet 3430 ET, Top 25. 
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field observations, stratal geometries and traditional facies in the following chapter on 
the sequence stratigraphy of the Urgonian Platform. 
Similarity matrices between parameters were also used to assist in the interpretation 
of the optimized matrices of Jacquard's similarity coefficients between samples 
(Appendices E and F) used to identify traditional facies assemblages (section 5.4). 
5.3.3.1 Interpretation of optimized similarity matrices between parameters 
calculated from logs of the basal succession 
Figure 5.4 shows the optimized matrices between parameters from logs recorded 
from the basal part of the succession immediately above the Hauterivian basinal facies. 
Optimized similarity matrices between parameters for Col des Aravis (Fig. 5.4.E), 
Combe de la Torchere (Fig. 5.4.A), Combe de Grand Cret (Fig. 5.4.B), Combe de 
Paccaly (Fig. 5.4.C) and Combe de Tardevant (Fig. 5.7.D) are calculated from logs 
describing the basal succession exposed in the cliff walls of combes that cross cut the 
Aravis Chain as traced progressively from the beginning of the chain in the southwest to 
the northeastern central part of the Chain (Figs 5.3a, 5.1.i and 5.l.ii.a). Two 
megabreccia horizons occur in this part of the basal succession which can be traced 
laterally between combes, and samples from these horizons are included within these 
individual analysed data sets. Col des Aravis represent the furthest to the southwest that 
the megabreccias can be traced within the basal succession. The optimized matrix 
between parameters for the log at Col des Aravis (Fig. 5.4.E) includes two distinct 
clusters defined by high values of Jaccard's coefficients occurring to the top-left and 
bottom-right of the central diagonal Cluster (1 ), located to the top-left of the matrix, 
links corals, bryozoans, Orbitolinidae foraminifera, rudist bivalves, microbial mud 
clots, green dasycladacean algae, and ooids; whereas cluster (2), located to the bottom-
right of the matrix, links brachiopods, peloids, echinoderms, "miliolid" foraminifera, 
bivalves, micrite, ostracods, quartz, sponge spicules, and gastropods. The composition 
of cluster (1) is interpreted as reflecting a shallow water high energy inner platform 
depositional environment assemblage, whereas cluster (2) is interpreted as representing 
a lower energy relatively deep water outer foreslope assemblage based on the presence 
of typical outer platform allochems including sponges, micrite, and Lituolacea(\ 
foraminifera (which comprise most of the "miliolid class" foraminifera at Col des 
Aravis). The relatively shallower water assemblage of cluster (1) mainly represents the 
megablocks in the megabreccia horizons whereas the deeper water assemblage 
represented by cluster (2) can be correlated to the intervening host sediment 
stratigraphically separating the megabreccia horizons. This sharp contrast in 
composition between the megabreccias and host sediments is interpreted as indicating 
that the megablocks are derived from a comparatively relatively shallower water 
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environment and have been emplaced into a relatively deeper water depositional setting 
suggesting the existence of a palaeogeographic slope. 
Studying the optimized similarity matrices as traced successively from the southwest 
to northeast along the Aravis chain the sharp division between the clusters grouping 
parameters identified at Col des Aravis becomes much less pronounced. For example, in 
the optimized matrices calculated between parameters at Combe de la Torchere (Fig. 
5.4.A) although there remains a strong similarity in occurrence linking peloids, 
brachiopods, echinoderms, "miliolid" foraminifera, micrite, bivalves, quartz, sponge 
spicules and ostracods (to the bottom-right of the matrix), which is interpreted as 
representing an outer platform assemblage, there is also an increase in the similarity 
coefficient between these allochems and the more shallow water fauna defined by 
bryozoans, corals, ooids, green dasycladacean algae, gastropods, rudist bivalves, red 
algae and Orbitolinidae foraminifera to the top left of the matrix. 
This overall increase in similarity between parameters and change in configuration of 
Jaccard's coefficients within the optimized similarity matrices may be interpreted as 
representing relative sea-level shallowing in the depositional environment both 
stratigraphically and palaeogeographically to the northeast. This causes the contrast 
between the composition of relatively shallower water megablocks in the megabreccia 
horizons and their shallowing host sediments to decrease. 
Further evidence for stratigraphic and palaeogeographic marine shallowing in 
depositional environment as traced to the northeast in the Aravis chain can be seen in 
the optimized matrix calculated in the basal section at Combe de Grande Cret (Fig. 
5. 4- .B). The parameters in this optimized matrix are arranged as an asymmetric multiple 
relay, rather than plotting as discreet unrelated clusters that show little similarity to one 
another, with typical deeper water allochems (e.g. sponges) occurring at one end of the 
relay in the optimized matrix (bottom-right) linking with high energy external platform 
allochems positioned towards the centre of the matrix (e.g. ooids) that grade to shallow 
water inner platform allochems (e.g. green algae, corals) at the other end of the relay 
(top-left). Further along the Aravis Chain to the northeast at Combe de Paccaly a 
relatively poorly defined relay linking deeper water low energy allochems (bottom-right 
of the matrix) to higher energy inner platform allochems (top-left of the matrix) is again 
detected (Fig. 5.4.C). Significantly microbial mud clots usually restricted to the inner 
platform occur within the shallow water fauna. The asymmetrical configuration of 
coefficients in this particular optimized matrix may partially result from a bias in 
samples being collected from the Lower Megabreccia Horizon and the lower part of the 
basal succession rather than solely reflecting a primary environmental cause. However, 
a similar arrangement of parameters is produced in the optimized matrix for data from 
Combe de Tardevant (Fig 5.7.D) which is the most northeasterly basal succession 
\ 
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analysed in the Aravis chain (Figs 5.3a and 5.l.ii.a). In this optimized matrix an 
asymmetric relay links deeper water allochems (bottom-right) to shallower marine 
platform allochems to the top-left but the level of similarity along the relay between all 
the parameters is much greater compared to that described at the southwestern extremity 
of the Aravis Chain. 
Towards the central western part of the study area in the Bargy Chain optimized data 
from the basal section at Roc des Tours (Fig. 5.4.D) produces a matrix that differs from 
those described in the Aravis Chain. At Roc des Tours the megabreccia horizons present 
in the basal succession of the Aravis Chain appear to be absent and this may have 
significantly influenced the resultant optimized matrix. Three internal relays within a 
poorly defmed central relay can be distinguished in the optimized matrix for data from 
Roc des Tours (Fig. 5.4.D). Describing these three individual internal relays as traced 
from the top-left to bottom-right of the matrix: internal relay (l) links peloids, 
echinoderms, brachiopods, bivalves, "miliolid" foraminifera and micrite; internal relay 
(2) links quartz, ooids, bryozoans, and green algae _; and 
internal relay (3) links corals, gastropods, Orbitolinidae foraminifera, ostracods, sponge 
spicules and glauconite. There is a successive decrease in the values of Jaccard's 
coefficient of parameters between these internal relays as traced from the top-left to 
bottom-right of the optimized matrix with internal relay (l) showing a much stronger 
similarity between the parameters it links than internal relay (3). The succession at Roc 
des Tours is interpreted as a broadly shallowing upwards package of parasequences and 
by integrating the interpretation of the optimized matrix with field observation and 
traditional facies (section 5.4) individual internal relays can be interpreted as follows: 
internal relay (l) represents a relatively low energy circalittoral outer foreslope/ramp 
assemblage that can be correlated to weak hydrodynamism within a broadly shallowing 
upwards depositional environment; internal relay (2) represents a relatively higher 
energy infralittoral shallow marine/non-marine assemblage that experienced episodes of 
subaerial exposure; and internal relay (3) represents the relatively deep marine low 
energy hemipelagic outer foreslope/ramp assemblage at the base of the succession 
immediately above the Hauterivian boundary. Stratigraphically internal relay-3 can be 
correlated to the basal part of the succession, internal relay-I the mid-succession and 
internal relay-2 the top part of the succession and they collectively represent a 
shallowing upwards sedimentary package. 
The western most basal log in the field area analysed by JaccMat is located in the 
Borne at Col de Landron (Fig. 5.4.F). The optimized matrix between parameters 
calculated from data at this log is significantly different than those so far described and 
interpreted in the southeastern Aravis and Bargy. According to the existing broad 
palaeogeographic scheme the log at Col de Landron is located towards the more stable 
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less subsident area of the platform to the northwest. At Col de Landron the optimized 
matrix arranges the Jaccard's similarity coefficients between parameters into a very well 
defined single highly symmetrical relay. This configuration of similarity coefficients 
and parameters indicates a continuous gradational change in sedimentary composition in 
response to environmental changes. At the bottom-right of the relay allochems include 
ostracods, sponge spicules, glauconite, ooids and quartz. Although the occurrence of 
sponge spicules has previously been interpreted as indicating a deep marine 
environment they may also occur in shallow inner platform settings. The positioning of 
high energy ooids and early diagenetic glauconite to the bottom-right of the relay with 
sponge spicules suggests a shallow high energy depositional environment. Alternatively 
the positioning of ooids within the relay could be explained by ooids having been 
washed into a deep low energy environment. However, in this case the placing next to 
one another of these allochems as part of a single relay configuration of similarity 
coefficients in the optimized matrix is interpreted as representing a shallow environment 
to the bottom-right of the relay. Following this interpretation the positioning of 
ostracods next to sponge spicules along the relay may indicate restricted shallow marine 
circulation and possible hypersaline conditions. From the bottom-right there is a gradual 
systematic shift in sediment composition along the relay to shallow water inner platform 
deposition characterised by rudists, dasycladacean green algae and Orbitolinidae 
foraminifera at the far top-left of the optimized matrix. 
Overall this relay may be interpreted within a sequence stratigraphic context as 
representing reflooding of a previously subaerially exposed environment. During the 
earliest stages of relative sea-level rise confined marine conditions developed 
(represented by allochems plotting to the bottom-right of the relay including ostracods, 
sponge spicules, glauconite, ooids). As marine transgression progressed open marine 
circulation was established allowing shallow marine platform deposition to progress 
systematically from a low energy environment (represented by allochems positioned 
along the middle of the central diagonal of the optimized matrix including micrite, 
bivalves, peloids, echinoderms, brachiopods, "miliolidae" forams, bryozoans, 
gastropods) to a high energy relatively shallow "inner" platform depositional 
environment (represented by allochems to the top-left of the relay including corals, 
green algae, rudist bivalves, Orbitolinidae forams and microbial mud). This relay 
therefore represents environmental changes caused by relative sea-level rise. The 
succession at Col de Landron differs from the other basal sections described so far to the 
east of the field area. At Col de Landron the basal succession above the Hauterivian 
boundary is characterised by relatively shallow marine sediments deposited during a 
relative sea-level rise whereas in the southern Bargy and Aravis optimized matrices are 
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Fig. 5.5 Graphic representations of optimized similarity matrices of Jaccard's 
coefficients between parameters calculated using JaccMat from sedimentary log 
data sets collected though the upper part of the Urgonian Limestone succession. 
(A) Les Combes log located in the Borne (GR. 09177 21220). (B) Le Cr~use log 
located in the Borne (GJ. 09213 21067). (C) Combe de la Forclaz log located in 
the Aravis Chain (GR. 09245 21120). (D) Col du Spee log located in the Borne 
(GR. 09120 21183). See text for discussion. Grid references refer to 1: 25 000 La 
Clusaz-Grand Bornand, [GN, sheet 3430 ET, Top 25. 
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Microfacies of the Urgonian Platform 
interpreted as representing broadly shallowing upwards outer foreslope successions 
reflecting relative sea-level fall. 
5.3.3.2 Conclusions from the interpretation of optimized similarity matrices 
between parameters calculated from basal sedimentary logs 
According to the existing palaeogeography, the southeastern part of the field area 
represented a more strongly subsident part of the platform (Fig. 3.5). In the 
southwestern part of the Aravis Mountain Chain optimized similarity matrices of 
parameters calculated from logs recording the basal succession reveal a strong similarity 
between relatively deep water outer platform foreslope allochems that plot as distinct 
clusters of high values of Jaccard's coefficients (Fig. 5.54.E bottom-right) and exhibit 
comparatively poor similarity to the remaining parameters within the matrix. This 
arrangement of optimized parameters becomes progressively less pronounced as 
spatially traced between logs along the Chain towards the present day northeast with 
parameters becoming rearranged into relatively asymmetric relays along the central 
diagonal of the optimized matrices, which are characterised at one end (bottom-right) by 
relatively deep outer foreslope allochems and at the other end (top-left) by relatively 
shallow water higher energy grain-types. This change from allochems being arranged in 
individual unrelated clusters to the southwest, to relays displaying increased gradational 
similarity between all allochems to the northeast of the Aravis Chain is interpreted as 
reflecting a gradational palaeobathymetric transition from a dominantly relatively deep 
outer foreslope depositional environment to a relatively shallower, compositionally 
more varied depositional environment that was more sensitive to environmental 
changes, including relative sea-level fluctuations. 
To the northeast the change in configuration of Jaccard's coefficients for individual 
optimized matrices into poor relays (e.g. Fig. 4.5.B) linking relatively deep to relatively 
shallow allochems from bottom-right to top-left can be broadly correlated to 
stratigraphic shallowing upwards. 
However, within relays there remains a degree of bias in high values of Jaccard's 
coefficients between parameters to the bottom-right of the optimized matrices 
characterised by deeper water outer platform allochems. The presence of resedimented 
megabreccias within this part of the basal succession may cause some distortion in 
optimized similarity matrices between parameters by importing shallow water 
allochems into a deeper water environment. 
In addition this bias in the configuration of the optimized matrix may partially reflect 
small scale relative sea-level fluctuations of several metres (e.g. fifth order cycles) that 
may cause a significant change in the depositional environment and sediment 
composition on the upper foreslope, with transitions from high energy open shallow 
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marine to more restricted comparatively lower energy restricted marine conditions, 
whereas in the outer foreslope and basin such a low magnitude relative sea-level change 
may be too small to have any significant effect on the nature of sediment composition. 
Small scale sea-level fluctuations are therefore more likely to cause changes in the types 
of allochems present in the shallower parts of the platform whereas in the deeper outer 
platform this is less likely, although changes in modal abundance of allochems may 
occur in the deeper outer plarform foreslope e.g. glauconite and quartz may increase in 
abundance at depositional hiatuses marking periods of highest relative sea-level (section 
5.4.4.2). However, because of the non-parametric nature of optimized similarity 
matrices which only consider presence-absence data, while changes in the allochems 
present in the upper foreslope environment caused by small scale sea-level fluctuations 
may cause changes in the arrangement of similarity coefficients and parameters within 
the optimized matrix, correlative changes in modal abundance within fixed allochem 
assemblages in the outer foreslope will have no effect on the configuration of the 
optimized matrix (section 4.7.8). Relative changes in depositional environment on the 
upper foreslope and inner platform caused by small scale relative sea-level fluctuations 
may produce a compositional relay whereas the relatively deeper marine outer foreslope 
is buffered against low amplitude relative sea-level fluctuations, plotting as a cluster of 
uniformly high values of similarity coefficients linking parameters. As 
palaeobathymetric shallowing increases along the Aravis Chain to the northeast this 
asymmetric distribution of high values of similarity coefficients becomes less distinct. 
Optimized similarity matrices between parameters of the basal succession in the 
southwestern portion of the Aravis Chain are interpreted (in conjunction with field 
observation and microfacies interpretation) as representing both stratigraphic shallowing 
upwards of a relatively deep depositional environment and penecontemporaneous lateral 
palaeobathymetric relative sea-level shallowing to the northeast indicating the existence 
of a palaeogeographic slope dipping broadly to the southwest. 
In the central western part of the field area at Roc des Tours, located in the Bargy 
Mountain Chain, JaccMat analysis of parameters within the basal succession reveals 
multiple relays within a relay. This optimized arrangement of parameters is interpreted 
as reflecting a broadly shallowing upwards sediment foreslope assemblage. The 
differences between the arrangment of parameters in the optimized matrix at Roc des 
Tours compared with those in the Aravis may partially reflect the apparent absence of 
megabreccia horizons at Roc des Tours; this also suggests a possible overall slightly 
shallower marine foreslope assemblage at Roc des Tours compared to that which 
existed in the Aravis. 
To the far west of the field area, were the platform is traditionally regarded as being 
broadly more stable, the optimisation of parameters at Col de Landron reveals a good 
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single highly symmetrical relay linking a continuous gradational change in sediment 
composition from low energy relatively restricted marine allochems at one end (bottom-
right) to high energy and inner platform allochems at the other end (top-left). The 
symmetrical natures of the well developed single relay, which is in marked contrast to 
the asymmetrical relays and clusters described for the central Aravis and Bargy, may be 
interpreted (in conjunction with field observation and microfacies interpretation) as 
representing gradual marine flooding (and relative sea-level rise) above the Hauterivian 
boundary causing the deposition of a shallow restricted confined marine fauna that 
gradually and systematically transformed to an open marine system experiencing 
increasing hydrodynamism in a relatively stable inner platform depositional 
environment during continued marine transgression. This pattern of sedimentation 
defined by a single relay is interpreted as occurring in response to a relative sea-level 
rise which acted as the single most dominant environmental control on sedimentary 
deposition. 
The comparison of optimized similarity matrices of parameters between basal 
sections (and field observations) above the Hauterivian boundary as traced southeast to 
northwest across the field area indicates that whilst in the southwestern Aravis and 
central Bargy deposition was characterised by shallowing upwards of relatively deep 
water sediments on a slope dipping broadly to the southwest, in the Borne a different 
record of basal Urgonian platform sedimentation occurs, characterised by marine 
flooding above the Hauterivian boundary. This suggests that deposition above the 
Hauterivian strata in the southern Aravis and central Bargy may not have been 
penecontemporaneous with that in the Borne. A potential interpretation to explain these 
differences in a sequence stratigraphic context is for relatively deeper outer platform 
deposition to have continued in the more strongly subsident southeast during a lowstand 
of sea-level (represented by a lowstand wedge) which also caused coeval subaerial 
exposure and non-deposition in the more stable part of the platform to the northwest in 
the present day Borne. A subsequent marine transgression reflooded the Borne causing 
the deposition of an increasingly open shallow marine inner platform succession 
(transgressive systems tract) indicated by the symmetrical depositional relay identified 
at Col de Landron. This would make the succession immediately above the Hauterivian 
located in the Borne geologically younger than that in the southeast of the field area 
exposed in the southwestern Aravis and central Bargy. It also implies that the more 
stable part of the tectonic platform in the northwest is linked to the subsident basin to 
the southeast by a southeastwards dipping slope. This interpretation of relatively 
uninterrupted sedimentation to the southeast, depositing a lowstand wedge, 
penecontemporaneously with a major unconformity at the base of the Urgonian platform 
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sensu lato succession in the Borne fits with the depositional model proposed by the 
Grenoble school for the evolution of the Urgonian platform (Chapter 3). 
5.3.4.1 Interpretation of optimized similarity matrices between parameters 
calculated from logs of the upper platform succession 
Figure 5.5 shows the optimized similarity matrices between parameters calculated 
from logs recording the upper part of the platform succession starting from mid-
platform and terminating at or near the top of the upper Urgonian Limestone Formation. 
None of the optimized matrices between parameters calculated from sedimentary logs of 
the upper Urgonian succession produce identical arrangements of parameters as one 
another. In contrast to the optimized matrices between parameters calculated from the 
basal succession discussed above in sections 5.3.3.1 and 5.3.3.2, the upper succession is 
not characterised by deep water hemipelagic allochems linked to shallow water 
platform allochems by transitional relays or grouped together in clusters. Instead the 
arrangement of Jaccard's coefficients within optimized matrices from the upper 
succession appears to represent gradational changes indicated by relays (some of which 
contain small internal relays) that exclusively link relatively shallow water assemblages 
ranging from confined marine and high energy oligotrophic environments to open 
marine biogenically more diverse depositional environments (Fig. 5.5.B and D); or 
alternatively identifying sharp differentiations of allochems into individual high energy 
relatively shallow marine platform sub-environments (Fig. 5.5.A). The latter appear as 
relays containing smaller internal relays, whilst the former appear as discreet clusters 
grouping relatively shallow marine allochems. Difference in the arrangement of 
parameters in optimized matrices between logs of the upper succession may represent 
palaeogeographic sub-environments and stratigraphic environmental changes across the 
platform. A further potential cause of differences between individual optimized matrices 
calculated from data from the upper platform may be caused by slightly different parts 
of the succession being included in each log depending on the position of the 'mid-
platform' starting point of each log. The starting position of logs is in large part 
controlled by the mountainous nature of the terrain in the field area (Figs 5.1.ii and 
5.l.iii). However, this potential discrepancy is only important for the purposes of spatial 
comparisons between matrices and does not effect the identification of stratigraphic 
depositional trends at an individual location. 
The optimized matrix calculated for the Le Creuse log (Fig. 5.5.B) is located in the 
southwestern part of the Aravis Chain approximately 50 metres above the basal section 
recorded at Col des Aravis (Figs 5.3.a and 5.l.ii.a); whilst that for the optimized matrix 
of the Combe de la Grande Forclaz log (Fig. 5.5.C) is located further to the northeast in 
the central part of the Aravis Chain (Figs 5.3a and 5.l.ii.a). 
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The optimized matrix calculated using data from Le Creuse (Fig. 5.5.B) is arranged 
onto a central relay containing internal relays. To the bottom-right of the matrix sponge 
spicules show an exceedingly weak similarity to all the other parameters included in the 
analysis and are of no importance in the overall interpretation of the optimized matrix. 
A small internal relay linking corals, bryozoans, ooids, and possibly also ostracods 
occurs to the bottom-right of the matrix and is interpreted (along with field 
observations) as representing a marine current agitated very high energy environment 
containing coral patch reefs and oolitic shoaling sand assemblages. To the centre-left of 
the matrix another internal relay can be distinguished within the main relay linking 
echinoderms, peloids, bivalves, brachiopods, "miliolidae" foraminifera and micrite 
which all display very high values of Jaccard's similarity coefficient between one 
another (Fig. 5.5.B). To the top-left of the main relay microbial mud clots, 
Orbitolinidae forams, and rudists are positioned together and interpreted as representing 
a shallow water high energy rudist lagoonal facies assemblage. Overall this central relay 
can be interpreted, in conjunction with field observations, as representing a gradational 
change from outer platform patch reef dominated facies at the base of the succession to 
open marine and inner "external" platform rudist lagoonal deposition up stratigraphy, 
possibly in response to a net relative sea-level rise. 
The optimized matrix calculated for the log of the upper succession at Combe de 
Grande Forclaz (Fig. 5.5.C) is located towards the central part of the Aravis Chain (Figs 
S.l.i, S.l.ii and 5.3a). A poor optimisation was achieved, partially due to the presence of 
several parameters with very low values of similarity coefficients to all the other 
parameters in the data set. Red algae, glauconite, bryozoans, corals and ooids all show 
exceedingly weak links to any of the parameters in the data set. Ignoring these 
parameters the arrangement of Jaccard' similarity coefficients between the remaining 
parameters reveals a poorly developed asymmetric relay which shows a general 
decrease in similarity between parameters as traced along the central diagonal from top-
left to bottom-right (Fig. 5.5.C). To the top-left of the matrix echinoderms, brachiopods, 
"miliolid" forams, peloids and bivalves show high values of similarity coefficients with 
one another and form a discreet cluster. Orbitolinidae forams, quartz, micrite and 
rudists plot as a cluster in the centre of the matrix and as a group display a collective 
relative decrease in similarity compared to the cluster to the top-left of the matrix. The 
grouping together of quartz, green algae and Orbitolinidae foraminifera may represent 
the presence of the Orbitolinidae beds described by Amaud-Vanneau and Arnaud (1990) 
as occurring at the base of the upper Urgonian transgressive systems tract (section 
3.5.6). To the bottom-right of the matrix ostracods, gastropods and corals are arranged 
as a cluster showing a relatively weak similarity to one another. These three clusters 
described above are interpreted as representing open marine, rudist lagoon and 
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oligotropic reef depositional environments respectively. Within the central and southern 
most Aravis the upper platform succession is characterised by both gradational 
(indicated by relays) and abrupt (indicated by clusters) changes in shallow water high 
energy allochem assemblages. 
To the west of the field area in the Borne two upper platform successions were 
analysed using JaccMat. The optimized similarity matrix between parameters calculated 
from the sedimentary log recorded at Les Combes (Fig. 5.5.A) is located in the northern 
Borne (Fig. 5.3a, Fig. 5.l.iii) whilst the optimized matrix for the log at Col du Spee 
(Fig. 5.5.D) is located in the southern Borne (Fig. 5.3.a). At Les Combes the optimized 
matrix of parameters reveals a single cluster of allochems to the top-left of the matrix 
between which all elements share a very high similarity coefficient (Fig. 5.5.A). These 
allochems linked by high values of similarity coefficients include: rudist bivalves, 
echinoderms, green algae, peloids, "miliolidae" forams (mainly small Miliolidae and 
Textularidae at Les Combes), bivalves, brachiopods, quartz, Orbitolinidae forams and 
micrite. Other parameters within the matrix all display a very low degree of similarity to 
one another. The grouping of allochems identified by this cluster is interpreted (along 
with field observations and the traditional facies approach) as representing a relatively 
stable very shallow water high energy "external" inner platform sub-environment. The 
upper platform succession at Les Combes is interpreted as representing a significant 
stratigraphic thickness (and therefore period) of relatively uniform inner "external" 
platform deposition. 
To the south of the Borne at Col du Spee optimization of the similarity matrix 
between parameters (Fig. 5.5.D) organises the Jaccard's similarity coefficients into a 
relatively poor relay which itself contains an internal relay. Quartz, ostracods and red 
algae are positioned at the bottom-right comer of the matrix. This part of the relay is 
interpreted as indicating a very shallow water depositional association possibly isolated 
from open marine circulation and experiencing increased detrital input. Continuing 
upwards along the central diagonal of the matrix there next occurs an internal relay 
linking micrite, bivalves, echinoderms, peloids, brachiopods, "miliolidae" forams and 
corals which share very high values of Jaccard's similarity coefficient between one 
another. This internal relay may be interpreted as representing an open relatively higher 
energy shallow marine depositional assemblage. However, the relative low biogenic 
diversity within this internal relay combined with the presence of corals may indicate a 
oligotrophic sub-environment within the platform. Most of the high energy allochems 
are positioned to the top-left of the main relay including ooids, Orbitolinidae 
foraminifera, microbial mud clots and rudist bivalves (Fig. 5.5.D). This part of the relay 
represents a high energy open marine shallow depositional assemblage including rudist 
lagoons of the Urgonian Platform sensu stricto and oolitic sand shoals. The main relay 
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detected at Col du Spee (Fig. 5.5.D) is interpreted, combined with field observations, as 
reflecting a gradual change in sediment composition up stratigraphy from very low 
energy shallow possibly restricted marine deposition to high energy shallow marine 
"external" inner platform reflecting relative sea-level rise. 
5.3.4.2 Conclusions from the interpretation of optimized similarity matrices 
between parameters calculated from logs of the upper platform succession 
The analysis of optimized similarity matrices between parameters of datas collected 
from logs from the upper part of the Urgonian succession sensu lato identifies relays 
and clusters indicating relatively high energy shallow water inner platform carbonate 
deposition. Allochems indicating deep foreslope depositional environments such as 
sponges which are common in the basal succession within the Aravis and Borne are 
totally absent or exhibit very weak relationships with any of the other more 
characteristic upper platform allochems in the optimized matrices. The upper platform 
succession is exclusively characterised by relatively shallow water deposition across the 
entire field area including the southeastern part of the Aravis and Bargy Chains. The 
interpretation of relays and clusters suggest that at least four types of sub-environment 
occur in the upper platform succession which may have gradational (relays) or abrupt 
(clusters) spatial and stratigraphical boundaries with one another. These inner platform 
sub-environments are: (1) high energy oligotrophic coral patch reefs; (2) inner external 
platform rudist lagoons that may also contain microbial mud clots and other high energy 
allochems; (3) very shallow water environments isolated from marine circulation 
experiencing the input of detrital quartz and populated by a restricted fauna including 
ostracods and red algae; ( 4) open marine relatively shallow platform sedimentation 
characterised by echinoids, peloids "miliolid" forams, bivalves, brachiopods and 
micrite. These sub-environments may be interpreted as representing lateral 
paleobathymetric shallowing across the inner platform as traced to the more stable areas 
of the platform. Stratigraphic changes in sub-environments indicates temporal migration 
of sub-environments across the inner platform. Within a sequence stratigraphic context 
such changes in depositional environments may be linked to fifth order relative sea-level 
fluctuations. During periods of high sea-level and maximum platform flooding open 
marine sub-environments predominate whereas during periods of regression and periods 
of lower relative sea-level restricted marine sub-environments may develop. Overall, 
integrating field observations with optimized matrix interpretation indicates a 
sedimentary transition up stratigraphy from coral patch reefs and lagoons at the base of 
the upper platform succession which gradually diminish in importance being replaced 
by rudist-dominated lagoons. 
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The configuration of similarity coefficients between parameters calculated for the 
optimized matrix covering the upper platform succession at Le Creuse (Fig. 5.5.B) in 
the southwestern Aravis (Fig. 5.3a) (which is positioned more or less immediately 
above the basal Urgonian stratigraphy described by the optimized matrix at Col des 
Aravis (Fig 5.4.E) and interpreted as a lowstand wedge in sections 5.3.3.1 and 5.3.3.2) 
is broadly similar to that calculated from the 'basal' succession immediately overlying 
the Hauterivian boundary at Col de Landron (Fig. 5.4.E) which was interpreted as 
representing a transgressive depositional gradient (Section 5.3.3.1 and 5.3.3.2). The 
optimized matrix at Le Creuse may therefore represent sediment deposited above a 
lowstand wedge during marine transgression which may correlate to the transgressive 
depositional succession interpreted as resting unconformably above the Hauterivian 
boundary at Col de Landron in the western Borne. This is further evidence for a 
prounounced platform palaeotopography characterised by a stable area to the west in the 
present day Borne and a more strongly subsident area to the southeast located in the 
present day central Bargy and southeastern Aravis. This interpretation indicates that 
palaeogeography and fluctuating relative sea-level interacted to control sedimentation 
during the Urgonian. 
5.3.5.1 Interpretation of optimized similarity matrices between parameters for logs 
recording the largest stratigraphic expanse of the platform succession 
Optimized matrices of logs that fall into this category as shown in figures 5. 7 and 5.8 
include logs that cover the greatest extent of the Urgonian Platform sensu lato 
succession starting from the Hauterivian boundary terminating at, or near, the top of the 
Urgonian Limestone Formation. 
The log at Combe de la Bella Cha is located in the southern part of the Aravis Chain 
(Fig 5.3a) and covers the complete succession between the top of the Hauterivian to the 
contact with the overlying Greensands that mark the top of the Urgonian Limestone 
Formation. The two megabreccia horizons are present in the basal part of the succession 
and rudist facies sensu stricto occur in the upper part of the succession. The optimized 
matrix of parameters calculated for this log (Fig. 5.6.D) is arranged into a very weakly 
developed asymmetric relay linking deeper water allochems (bottom-right) (including 
sponges, ostracods, quartz and micrite) to shallow high energy inner platform grain-
types (at the top-left) (including ooids, Orbitolinidae forams, gastropods, corals and 
rudists). The highest values of Jaccard's coefficient form a discreet cluster towards the 
bottom-right of the weak relay showing uniformly strong similarities in occurrence 
between peloids, brachiopods, "miliolid" forams, bivalves, echinoderms, micrite and 
quartz which is similar to the clusters identified from the basal sections described in the 
southern Aravis and Bargy (e.g. compare to Figs 5.4.A,D and E). This cluster is 
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interpreted as representing a distal relatively deep water outer platform foreslope 
environment whilst the weak relay to the top-left of the matrix is interpreted as a 
shallow inner platform assemblage including rudist lagoons. The deeper water 
assemblage represented by the cluster of Jaccard's similarity coefficients can be 
correlated to the basal part of the succession (following the earlier interpretations of 
section 5.3.3.2. and from field observation) whereas the shallow water assemblage 
linked by a poor relay (top-right) corresponds to the upper part of the succession 
(following the earlier interpretations of sections 5.3.4.1 and field observations). 
Towards the far northeast of the Aravis chain in a combe situated between Pointe 
Percee to the southwest and Pointe de Bella Cha to the northeast, here after referred to 
as the unnamed combe north of Pointe Percee (Fig. 5.l.i.a. and Fig 5.3a), a log was 
recorded starting immediately above the Hauterivian boundary and terminating at the 
top of the exposure, marked by Tertiary erosion, whilst still within rudist facies. It is 
estimated that up to several tens of metres of the upper succession may nave been 
removed by erosion. The two megabreccia horizons observed in the basal part of the 
succession in the southern Aravis are absent in this log. At this location the optimized 
similarity matrix calculated between parameters is markedly different from those 
described in the southern Aravis and at Combe de la Bella Cha. The optimized matrix of 
Jaccard's coefficients between parameters are arranged into a good single highly 
symmetrical relay (Fig. 5.6.A). Sponge spicules, ostracods, quartz, corals and micrite 
are positioned to the bottom-right of the relay. Ostracods and sponge spicules show very 
weak similarities between all other allochems in the optimized matrix, and the bottom-
right grouping of parameters within the matrix is interpreted as representing a relative 
high energy shallow water initially oligotrophic environment that changes as part of 
continuous transitional gradational ordering of parameters along the relay interpreted as 
reflecting a progressive increase in energy conditions caused by relative sea-level rise, to 
open marine inner platform deposition characterised at the top-left of the matrix by 
Orbitolinid forams, rudist bivalves and microbial mud indicating the development of 
shallow marine inner platform rudist lagoons (Fig. 5.6.A). There is therefore wt deep 
water foreslope assemblage represented by a cluster, or deep water foreslope part of this 
relay, comparable to those identified in the optimized matrices of logs in the southern 
part of the Aravis Chain (e.g. 5.6.D). This relay is interpreted as reflecting 
environmental changes caused in response to relative sea-level rise and marine 
transgression. 
There is a marked difference in the nature of deposition between the northeast and 
southwestern parts of the Aravis Chain. In the northeast at Unnamed Combe deposition 
is characterised by systematic shifts in the exclusively shallow water assemblage linked 
along a good single relay (Fig. 5.6.A), whereas to southwest at Combe de la Bella Cha 
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the overall very weakly developed asymmetric relay can be differentiated into two 
discreet parts; a cluster (bottom-right) interpreted as representing a deeper water outer 
foreslope assemblage and a poorly developed internal relay (top-left) interpreted as a 
high energy shallower water assemblage (Fig. 5.6.D). The stratigraphic juxtaposition 9f 
shallow and deep water arrangements of similarity coefficients within the Bella Cha 
optimized matrix is interpreted as reflecting two different and separate unrelated 
environmental gradients. The contrast in configurations between the Unnamed Combe 
and Bella Cha optimized similarity matrices suggests a marked difference in 
depositional history to the northeast and southwest of the Aravis chain. 
Palaeobathymetric differences in depositional character with shallow water sediments 
occurring immediately above the Hauterivian boundary in the northern Aravis whilst 
deeper outer foreslope sediments themselves succeeded by shallow water sediments 
occur in the southern Aravis imply the existence of a palaeogeographic slope dipping 
broadly towards the southwest. The existence of a palaeoslope dipping to the south is in 
agreement with the interpretation derived from the analysis of optimized matrices of the 
basal succession (section 5.3.3.1. and 5.3.3.2). The occurrence of only inner platform 
shallow water sediments in the log at Unnamed combe and shallow inner platform 
deposits overlying outer foreslope . deposits at the log Combe Bella Cha might 
traditionally be interpreted as representing inner platform sediments prograding from the 
northeast basinward over outer foreslope deposits. Within a sequence stratigraphic 
framework of oscillating relative sea-level the lower deeper water outer foreslope part of 
the succession at Bella Cha could be interpreted as a low stand wedge deposited during 
a comparatively low stance of relative sea-level that caused penecontemporaneous 
subaerial exposure and non-deposition up slope to the northeast. During a subsequent 
marine transgression the platform to the northeast would have been reflooded allowing 
shallower water deposition, initially characterised by oligotrophic and restricted marine 
circulation environments, to rest unconformably directly above the Hauterivian contact, 
whilst to the south shallow water sediments may have developed either by aggradation 
or progradation above the lowstand wedge. This interpretation would explain the sharp 
division between relatively shallow water upper and deep water lower partition of the 
succession identified in the optimized matrix for Bella Cha and the exclusively 
relatively shallow-water environmental single relay above the Hauterivian deposits at 
Unnamed Combe. Using this model to explain differences between optimized matrices 
to the northeast and southwest of the Aravis chain suggests that the basal succession at 
Unnamed com be lies unconformably above the Hauterivian deposits and is younger than 
the basal succession at Bella Cha. As optimized matrices are unable to differentiate 
separate phases of deposition characterised by similar environmental gradients the 
shallow water relay identified at Unnamed combe may represent either or both the API 
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and AP2 transgressive systems tracts proposed by the Grenoble school's model (section 
3.5.6). 
In the Bargy chain, located in the central part of the field area, a series of logs stretch 
northeastwards along the chain from north of Roc des Tours as far as Cluze (Fig 5.3a). 
Listed in order as traced progressively further northeast the optimized matrices of 
parameters calculated from these logs are: Pic de Jallouvre (Fig. 5.6.B), Pointe du Midi 
(Fig. 5.7.C), Cold' Encrenaz (Fig. 5.7.A) and Cluze (Fig. 5.6.C). 
At Pic de Jallouvre (Fig. 5.6.B) a single highly symmetrical relay between 
parameters, indicating a continuous systematic stratigraphic shift in sediment 
composition, is revealed by the optimized arrangement of Jaccard's similarity 
coefficients. At one end of the relay (bottom-right) sponge spicules and red algae have a 
very low similarity to all other parameters in the matrix. The positioning of sponges 
next to red algae, ostracods, and bryozoans in the relay indicates a shallow moderate 
energy, possibly restricted circulation assemblage at one end of the relay that represents 
a similar depositional environment to that interpreted from the bottom-right part of the 
Col de Landron relay (sections 5.3.3.1 and 5.3.3.2). The configuration of parameters as 
arranged along the relay towards the top-left indicates a transition to very shallow inner 
marine platform sedimentation including rudist lagoonal facies characterised by 
"miliolid" forams, peloids, microbial mud clots and rudist bivalves (top-left of matrix 
Fig. 5.6.A). The outer platform deep water foreslope assemblage indicated by clusters 
immediately to the southwest of the Bargy Chain at Roc des Tours (Fig. 5.4.E) therefore 
has!!!! equivalent at Pic de Jallouvre which is characterised by shallow water allochems 
linked along a single relay. 
Further to the northeast along the Bargy chain the optimized matrix between 
parameters at Cold' Encrenaz (Fig 5.7.A) arranges Jaccard's similarity coefficients into 
a central relay within which several internal relays can be distinguished. These internal 
multiply relays are interpreted as representing individual depositional sub-environments 
within the platform. At Col d' Encrenaz rudist rich sediments directly overlie the 
Hauterivian basal contact. To the bottom-right of the optimized matrix (Fig. 5.7.A) the 
<:\ting of ostracods, red algae, sponge spicules and microbial mud clots next to one 
another within an internal relay is interpreted as representing a moderately high energy 
very shallow infralittoral sub-environment that may have experienced isolation from 
open marine circulation. To the centre-left of the matrix (Fig. 5.7.A) there occurs an 
internal relay characterised by uniformly very high values of Jaccard's similarity 
coefficients linking brachiopods, gastropods, bivalves, "miliolid" forams, micrite, 
rudists, and peloids that is interpreted as representing inner platform rudist lagoonal 
deposition. To the top-left of the main central relay green algae, Orbitolinidae 
foraminifera and quartz occur positioned together and may indicate the presence of the 
158 
Microfacies of the Urgonian Platform 
Orbitolinidae marl beds described by Arnaud-Vanneau and Arnaud (1990) at the base of 
the rudist transgressive sediments API and AP2. 
The furthest northeastern optimized matrices calculated in the Bargy were for the log 
located at Cluze (5.3a). The optimized matrix is again dominated by shallow water 
faunal associations (Fig. 5.6.C). No good relay is detected, with the optimized matrix 
instead being dominated by a large cluster of uniformly high values of Jaccard's 
coefficients arranged towards the top-left of the matrix. This cluster links green algae, 
echinoderms, brachiopods, bivalves, "miliolid" forams, peloids, quartz, micrite and 
rudist bivalves and is interpreted as representing inner platform sedimentation including 
rudist lagoons. To the bottom-right of the matrix Orbitolinid forams, corals, gastropods 
ooids and bryozoans are linked by a very poorly defined internal relay and are 
interpreted as representing a shallow water higher energy inner external platform fauna 
that experienced strong marine current agitation. 
All the optimized matrices calculated north of Roc des Tours in the Bargy chain 
indicate relatively shallow water inner platform deposition. Changes in sediment 
composition are defined dominantly by single relays and multiple relays within which 
various sub-environments represented by internal relays can be distinguished. The deep 
water outer foreslope deposits identified at Roc des Tours are absent in the northern part 
of the Bargy with only shallow water sediments being deposited above the Hauterivian 
basinal boundary. This is interpreted as reflecting palaeobathymetric shallowing to the 
northeast caused by the existence of a palaeogeographic slope dipping broadly to the 
southwest. Within a sequence stratigraphic context it is possible to speculate that the 
deeper water foreslope basal section at Roc des Tours may represent a lowstand wedge 
whilst the shallow water inner platform sediments of the upper succession at Roc des 
Tours and the shallow water deposits directly overlying the Hauterivian as traced 
northeast along the Bargy may represent a transgressive/highstand systems tract. This 
interpretation concurs with and supports the interpretation of the succession in the 
Aravis Chain. 
The log at Thones is the most southwestern log described in the field area. It is 
located at the southern end of Mont Lachat that continues along the trend of the Bargy 
chain, south of the Borne river valley (Fig. 5.3a). Dolomitized interbeds occur 
frequently in the lower part of this exposure and may have caused some distortion or 
bias in the calculation of optimized similarity coefficients between parameters. 
Optimization of the similarity coefficients produces an asymmetric relay. Three internal 
relays which are interpreted as representing depositional sub-environments can be 
differentiated. Each of the three internal relays shows a collective decrease in the 
similarity between the component parameters they link as traced from top-left to 
bottom-right. The three internal relay can be described as follows from bottom-right to 
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top-left: internal relay (l) links glauconite, bryozoans, corals and ostracods- all these 
relatively shallow water parameters exhibit a very low value of similarity with one 
another and all other parameters in the matrix; internal relay (2) links gastropods, ooids, 
green algae, Orbitolinidae forams and quartz and is interpreted as representing a high 
energy shallow water current agitated infralittoral external inner platform/shallow ramp 
environment; internal relay (3) links "miliolid" forams, echinoderms, bivalves, peloids, 
brachiopods, micrite and rudist bivalves interpreted as representing shallow infralittoral 
inner platform rudist lagoonal environments. 
The log of La Clusaz road section is located towards the southwestern centre of the 
Aravis syncline approximately equidistant between the Bargy and Aravis chains (Fig. 
5.3a). The optimized matrix of parameters is ordered into a weakly developed 
asymmetric relay which links relatively shallow restricted circulation marine 
assemblages to high energy and inner platform sediments as traced from the bottom-
right to the top-left (Fig. 5.6.F). At the bottom-right of the optimized matrix the 
positioning of sponges, quartz ostracods, ooids, bryozoans, gastropods and corals may 
be interpreted as representing the opening up of an originally restricted marine 
environment to an open marine and high energy current agitated assemblage, similarly 
to the association described for the basal succession at Col de Landron (section 5.3.3.1 
and 5.3.3.2). A cluster of uniformly high values of Jaccard's similarity coefficients 
plotting to the top-left of the relay linking green algae 
echinoderms, Orbitolinidae forams, "miliolid" forams, micrite, bivalves, peloids, 
brachiopods and rudists which are interpreted ~lepresenting very shallow open marine 
~ ... ··r~ 
inner external platform environments, andfreworked non-marine sediments originally 
deposited in non-marine lagoons during periods of relatively low sea-level and inner 
platform subaerial exposure (Fig 5.6.F). The optimized matrix for La Clusaz again 
reveals the absence of the deep water assemblages identified in the southern Aravis and 
Bargy and more closely resembles the changing shallow water depositional gradients 
identified in the northern Bargy. This may suggest the existence of a palaeotopographic 
high to the southeast of the more strongly subsident basin as previously proposed as 
having existed in the present day southwestern Aravis and Bargy Chain (section 5.3.4 
and 5.3.5), and/or a palaeoslope dipping broadly to the northeast that defined the 
southwestern margin of the basin. 
Rochers de Leschaux is located in the central eastern Borne in the middle of the field 
area and to the west of the Bargy (Fig. 5.3a and 5.1.iii) The optimized matrix of 
similarity coefficients between parameters (shown in Figures 5.7.E) produces a well 
developed central relay along which are developed several internal relays linking high 
energy inner platform sub-environments varying from high energy external platform 
environments (bottom-right) to infralittoral rudist lagoon assemblages (top-left). Again 
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the deeper water foreslope deposits indicated by discreet clusters in optimized matrices 
in the southern Aravis (e.g. Fig 5.4C) and Bargy (e.g. 5.4.D) are absent and the 
arrangement of parameters more closely resembles that to the northern part of the Bargy 
(Fig. 5.6.B) and northern most Aravis (Fig. 5.6.A) chains. 
The log at the Petit Bornand road section is located in the central western Borne and 
is the most westerly log described in the field area. The optimized matrix of parameters 
produces a well developed central relay along which three well defined internal relays 
can be differentiated. These internal relays as described from the bottom-right to top-
left are as follows. Internal relay (1) links glauconite, red algae, quartz and ostracods 
and is interpreted as representing a very shallow depositional environment, possibly 
experiencing restricted circulation and occasional subaerial exposure. Internal relay (2) 
links corals, bryozoans, ooids, green algae, Orbitolinidae forams, and gastropods and is 
interpreted as representing an inner platform high energy current agitated environment 
containing coral patch reef and shoaling sands. Internal relay (3) links "miliolid" 
forams, brachiopods, peloids, bivalves, echinodems, micrite, rudist bivalves, and 
microbial mud and is interpreted as representing high energy rudist lagoonal 
environments. All the internal relays represent transitions within shallow water inner 
platform environments and deep water foreslope sediment associations are once again 
absent. 
5.3.5. 7 Conclusions from the interpretation of optimized similarity matrices of logs 
covering the greatest stratigraphic expanse of the platform succession 
Optimized similarity matrices between parameters indicate a change in the nature of 
deposition between the southwest and northeast as traced along the Aravis and Bargy 
chain and between the Borne in the west and the Aravis in the east ofthe field area. To 
the southwestern parts of the Aravis and Bargy chains, e.g. at Combe de la Bella Cha in 
the Aravis (Fig. 5.4.E) and Roc des Tours in the Bargy (5.4.D), optimized matrices 
indicate a distinct division between deep outer foreslope assemblages (in the basal 
succession) which are overlain by shallower water platform assemblages, indicated by 
the arrangement of the Jaccard's coefficients and parameters into discreet deep water 
allochem clusters relatively unrelated to other parameters in the matrix. This implies an 
abrupt stratigraphic boundary between shallow inner and outer foreslope depositional 
environments. However, in the northeast of these chains, e.g. at Unnamed Combe north 
of Pointe Percee in the Aravis (Fig. 5.6.A) and Pic de Jallouvre in the Bargy (Fig. 
5.6.B), optimized matrices reveal the development of single gradational relays and 
multiple relays in composition representing only shallow inner platform depositional 
gradients immediately above the Hauterivian boundary. At these locations deeper water 
foreslope assemblages are completely absent. This change in depositional gradients as 
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traced from the southwest to northeast Bargy and Aravis chains is interpreted as 
evidence for the existence of a palaeoslope above the top of the Hauterivian basinal 
deposits that dipped broadly southwestwards and extended at least as far as the 
southwestern Aravis causing a lateral transition from inner to outer platform 
sedimentation. The relative absence of deep water assemblages at La Clusaz and 
possibly also at Thones indicates palaeobathymetric shallowing above the Hauterivian 
basal boundary to the far southwest of the southeastern part of the field area suggesting 
the existence of another possible palaeoslope dipping broadly to the northeast that 
defmed the southwestern boundary of the more strongly subsident basin in the present 
day Aravis and Bargy chains. 
Optimized matrices between parameters calculated from the Borne also display strong 
well developed relays, and multiple relays connecting shallow platform sub-
environments sitting directly above the top of the Hauterivian basinal sediment 
boundary, with deep water foreslope assemblages once again completely absent within 
the Urgonian Platform sensu lato. This is interpreted as indicating palaeobathymetric 
differences in depositional environments immediately above the top of the Hauterivian 
aged deep water basinal sediments between the northwest and southeast of the study 
area. These palaeobathymetric differences in sedimentary character indicate a relative 
palaeo topographic high in the more stable northwest of the field area (Borne) with a 
topographic depression to the southeast defming a more strongly subsident basin in the 
southeast of the field area (southwestern portion of the Bargy and Aravis Chains). 
Although similarities between, and configurations of individual parameters within 
optimized matrices vary between locations, several repeated common trends in the 
arrangements of parameters within the optimized matrices along single relays or as 
internal relays can be identified. In the sections of the southwestern Bargy and Aravis 
clusters defined by deeper water foreslope assemblage predominate whilst in the 
shallower assemblages in the western Borne and northeastern Bargy and Aravis rudists 
most often plot with microbial mud clots, peloids, and micrite interpreted as 
representing deposition in shallow water inner plaform lagoons. 
Palaeogeographical differences between optimized matrices can also be interpreted 
within a sequence stratigraphic context as indicating the existence of a lowstand wedge 
within a subsident basin in the central Aravis and Bargy overlain by transgressive 
shallowing upwards systems tract deposits. During deposition of the lowstand systems 
tract the upper part of the slope to the north (Aravis and Bargy) and west (Borne) would 
have been subaerially exposed. During the following transgression the focus of 
sedimentation would have shifted from the outer-foreslope up-slope to the newly 
flooded northern Aravis, Bargy and Borne where shallow water deposits accumulated 
unconformably above the Hauterivian basement. Transgressive systems tracts may have 
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then prograded or aggraded above the lowstand wedge deposits. The basal succession in 
the northern Aravis/Bargy and Borne would therefore be younger than the basal 
platform in the southern Aravis/Bargy. 
5.3.6.1 Interpretation of optimized similarity matrices between parameters 
calculated from combined data files 
Figure 5.8 shows the optimized similarity matrices between parameters calculated 
from combined data files. The optimized matrix for the data file "Top", which combines 
data from logs from the upper part of the succession, contains a distinct cluster defined 
by high values of Jaccard's similarity coefficient to the top-left of the optimized matrix. 
The group of parameters defined by this cluster exhibit a poor similarity to all the 
remaining parameters in the matrix (Fig. 5.8.E.). This cluster links Orbitolinidae 
forams, green algae, quartz, rudist bivalves, "miliolid" forams, brachiopods, 
echinoderms, peloids, bivalves, and micrite. The optimized matrix for the data file 
"Bottom" which combines data from logs from the lower succession is dominated by a 
cluster to the bottom-right of the matrix as part of a very poorly developed asymmetric 
relay (Fig. 5.8.F). This cluster links: Peloids, "miliolid" forams, brachiopods, 
echinoderms, bivalves, micrite, quartz, ostracods and sponge spicules. Both these 
clusters in the upper (Fig. 5.8.E) and basal (5.8.F) optimized matrices contain many of 
the same polygenetic allochems such as peloids and micrite. However the clusters can 
be differentiated from one another by the presence of Orbitolinidae forams, green algae 
and rudist bivalves in the cluster defined in the upper platform matrix (and their absence 
in the basal platform optimized matrix cluster), and the presence of ostracods and 
sponge spicules in the basal platform cluster (and their absence in the upper platform 
optimized matrix cluster). The assemblage defined in the upper platform succession 
cluster is interpreted as a representing a broadly shallow moderately high energy inner 
external and internal platform assemblage whereas the allochems grouped together in 
the basal platform cluster are interpreted as a lower energy relatively deeper water 
platform foreslope/outer ramp assemblage. 
The existence of these two distinct clusters in the upper and lower platform may be 
interpreted in two ways. They may represent two separate environmental gradients such 
as represented by inner platform and foreslope environments in a carbonate platform 
separated by an abrupt change/boundary such as that associated with the pronounced 
margin break of a rimmed shelf. Alternatively, within a sequence stratigraphic context, 
the two clusters could be interpreted as representing highstand deposition and a 
lowstand wedge respectively produced by a relative sea-level fluctuation on a seaward 
dipping carbonate slope as was suggested in section 5.3.3.2. and 5.3.3.3 based on the 
contrast between strata immediately overlying the Hauterivian boundary in the southern 
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Aravis with that in the Borne at Col de Landron (sections 5.3.3.1 and 5.3.3.2); and also 
supported by contrasts in depositional gradients between the basal succession in the 
northeast (e.g. Unnamed Combe) and southwest (e.g. Col des Aravis); and by the 
stratigraphic juxtaposition of distinctly different depositional gradients between the 
lower and upper parts of the succession at Combe de la Bella Cha (section 5.3.5) and 
Col des Aravis/Le Creuse (sections 5.3.3 and 5.3.4). 
Overall the poorly developed relay in the optimized matrix calculated for the 
"Bottom" data file arranges the deeper "foreslope" cluster immediately next to ooids. 
Bearing in mind that optimized matrices do not represent spatial arrangments of 
allochems, the positioning of ooids in the matrix could be interpreted within a sequence 
stratigraphic context as representing very shallow water high energy deposition during 
marine transgression reflooding the platform above the "lowstand wedge" indicated by 
the cluster. Ooids are linked along the relay next to bryozoan, gastropods and corals, 
which may correspond to the coral rich facies at the base of shallow platform deposition 
in oligotrophic environments during the early stage of platform flooding, followed by 
green algae, Orbitolinide forams, and rudists to the top-left of the relay that may 
represent highstand rudist lagoonal depositional environments. 
The optimized matrix for the "Platform" data file which combines logs which cover 
the greatest portion of the stratigraphic succession through the Urgonian platform is 
shown in figure 5.8.D. The optimization achieved is quite poor which in part possibly 
reflecting palaeogeographic environmental changes across the platform and also the 
possibility of different degree of stratigraphic coverage through the platform, due to 
different amounts of erosion from the top of the succession, of logs at different locations 
included within the file. Glauconite, red algae and microbial mud clots all have very low 
similarity to the other parameters in the optimized matrix and can be excluded from the 
interpretation of the matrix. Several clusters and internal relays can be identified within 
the optimized matrix. These are described as follows in the order that they occur along 
the central diagonal as traced from bottom-right to top-left: (1) sponge spicules, 
ostracods, corals, bryozoans, ooids and gastropods are linked by an internal relay to the 
bottom-right of the optimized matrix which is interpreted as representing a transitional 
low to high energy shallowing upwards environment; (2) A cluster linking 
Orbitolinidae forams, quartz and green algae (situated in middle of the optimized 
matrix). This association of high energy foraminifera combined with shallow marine 
algae and detrital quartz suggesting possible episodes of subaerial exposure and may 
represent the Orbitolinidae marl assemblage described by Vanneau-Arnaud and Arnaud 
(1990) occur at the base of their two rudist transgressive facies API and AP2. In this 
respect it is significant that this arrangement of parameters is also repeated in the 
combined data file 'Top' optimized matrix (Fig. 5.8.E top-left) but is absent in the 
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'Bottom' combined data file optimized matrix (Fig. 5.8.F); (3) A cluster linking 
echinoderms, micrite, brachiopods, "miliolid" forams, bivalves, peloids and rudist 
bivalves interpreted as a high energy platform assemblage that includes Urgonian sensu 
stricto rudist lagoons. 
Combined data files for two megabreccia horizons occurring in the basal succession 
of the southern Aravis Chain are shown in figs 5.8A, Band C, and their interpretation is 
discussed in the following chapter. 
5.3.6.2 Conclusions from the interpretation of optimized similarity matrices 
between parameters calculated from combined data fdes 
Combined data files were originally constructed to aid correlation's between samples 
from different spatial locations across the field area. Because of the mixed nature of the 
data used in combined data files, with data being combined from spatially mixed 
locations which may possibly cover slightly different extents of the succession, or even 
mistakenly combine different ages of the succession, conclusions based on optimized 
matrices calculated between parameters must be qualified. For example the basal 
succession at Col de Landron may in fact be younger than the basal succession in the 
southern Aravis, based on the interpretation of the optimised matrices of individual logs, 
but it was included in the data file "Bottom". Bearing these reservations in mind the 
interpretation of combined data files from the upper and lower basal succession indicate 
two distinct depositional gradients characterised as representing a relatively high energy 
shallow water deposition and low energy deeper water outer foreslope deposition 
respectively. The basal succession data file is based mainly on logs from the southern 
Aravis Chain (Fig. 5.l.ii.a) and may represent a lowstand wedge deposited in a more 
strongly subsident part of the platform to the southeast of the field area, whereas the 
combined data set for the upper platform may represent transgressive and highstand 
deposits developed across the field area during marine transgression. 
5.3.7. Summary and Conclusions 
Spatial and stratigraphic differences in depositional gradients within the Urgonian 
succession indicated by contrasts in the configurations of optimized similarity matrices 
calculated form datas from logs located across the study area can be interpreted as 
representing relative sea-level fluctuations interacting with an inherited irregular 
palaeogeographic topography at the top of the Hauterivian. 
Although the arrangement and similarities between individual parameters within 
optimized matrices vary between locations, several repeated patterns in the arrangement 
of parameters within single relays, internal relays and clusters can be identified that 
represent similar environmental depositional conditions. For example rudist bivalves 
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(e.g. Fig.5.4.E, Col des Aravis) which progressively change in configuration as traced 
along the chain to the northeast into asymmetric relays that link deep water to shallow 
water allochems at either end of the relay (e.g. Figs 5.4.B Combe Torchere, 5.4.B 
Combe de Grand Cret). This geographic change from sharply defmed relatively deep 
water clusters to relays indicating increased similarity between all the parameters in the 
optimized matrix is interpreted as representing progressive palaeobathymetric 
shallowing to the northeast on a palaeogeographic slope dipping broadly to the southeast 
within the present day Aravis and Bargy Chains. Individual optimized matrices within 
the basal succession are interpreted as representing broadly stratigraphic shallowing 
upwards depositional gradients. 
Optimized matrices calculated from the upper part of the platform succession 
immediately overlying the basal platform strata in the southeastern Aravis described 
above indicate environmental gradients that are unrelated to those of the basal 
succession (e.g. Fig. 5.6.D, Combe Bella Cha, top-left shallow water allochems, bottom 
right deep water outer foreslope cluster). Upper platform deposition is characterised by 
relays linking exclusively shallow water allochem assemblages (e.g. Fig. 5.5.B, Le 
Creuse, Fig. 5.5.C, Combe de Forclaz). To the far northeast of the Aravis Chain 
immediately above the Hauterivian boundary the depositional gradient of the Urgonian 
succession sensu lato is characterised by a good single highly symmetrical relay 
interpreted as linking only shallow water allochems (Fig. 5.6.A, Unnamed Combe) and 
deep foreslope assemblages are entirely absent from this relay. 
In the Bargy chain a similar geographic trend in change of depositional gradients 
within the Urgonian succession as traced from the southwest to the northeast to that 
describe in the Aravis chain can be identified. Towards the southwest of the Bargy 
Chain the basal Urgonian succession sensu lato sitting immediately above the 
Hauterivian boundary is characterised by outer foreslope depositional parameters 
grouped by clusters within a poorly developed asymmetrical relay in the optimized 
matrix (Fig. 5.4.D, Roc des Tours). Further to the northeast of the Bargy Chain the 
depositional gradient of the Urgonian succession as calculated by optimized matrices is 
defined by well developed single relays and multiple relays linking exclusively shallow 
water allochems and shallow water platform sub-environments respectively (e.g. 
described in order as traced progressively northeast Fig. 5.6.B, Pic du Jallouvre, single 
relay; Fig. 5.7.B, Pointe du Midi, poor relay/cluster; Fig. 5.7.A, Col du Encrenaz, 
multiple relay). The changes in the arrangement of similarity coefficients within 
optimized matrices linking parameters in the Bargy Chain mirror those in the Aravis 
Chain and are again interpreted as representing bathymetric sea-level shallowing on a 
palaeogeographic slope that dipped broadly to the southwest. 
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At La Clusaz in the centre of the La Clusaz syncline further to the southwest of the 
Bargy and Aravis Chains, Hauterivian strata are again overlain by Urgonian deposits 
sensu lato that is characterised by a single well developed depositional relay linking 
shallow water allochem assemblages indicating a shallow water environment. 
This suggests a palaeotopographic 
high relative to the Aravis and Bargy, possibly indicating the presence of another 
palaeogeographic slope, this time dipping towards the northeast which defmes the 
southwest margin of a more strongly subsident basin that existed in the most 
southwestern Aravis and Bargy. 
In the Borne well developed exclusively shallow water depositional gradients are 
indicated by allochems linked along single relays and multiple relays developed for the 
whole Urgonian succession starting directly above the Hauterivian boundary (e.g. Fig. 
5.4.F, Col de Landron (basal succession) single relay; Fig. 5.6.F, Petit Bornand 
(complete succession) multiply relays within a relay; Fig. 5.7.E, Rochers de Leschaux 
(complete succession) single relay; Fig. 5.5.A, Les Combes (upper platform) shallow 
water cluster). The linking of parameters into well developed relays indicates that there 
is no major discontinuity in depositional gradient between the basal and upper platform 
as is developed in the southeast of the field area in the southwestern parts of the Bargy 
and Aravis Chains. Relays and internal relays exclusively link shallow water 
assemblages and sub-environments, and deeper water foreslope parameter clusters are 
again absent. Deposition above the Hauterivian in the Borne therefore appears to be 
bathymetrically shallower than that in the basal Urgonian succession of the 
southwestern Aravis and Borne Chains. This suggests that the present day Borne 
represented a relative palaeotopographic high linked by a broadly southeastern dipping 
slope to a more strongly subsident basin in the southwestern portions of the present day 
Bargy and Aravis Chains. 
The changes in the configuration of parameters within optimized matrices calculated 
from different localities within the study area summarised above can be explained by 
the interaction of relative sea-level fluctuations on an irregular palaeotopography. The 
deep water basal succession in the southwestern Aravis and Bargy (linked by clusters 
within matrices), are sharply differentiated from the shallow water upper platform 
succession, and are interpreted as a lowstand wedge deposited during a relative sea-level 
fall in a more strongly subsident basin. During this relatively low stance of sea-level the 
relatively more stable areas of the platform located up-slope in the present day 
northeastern Bargy and Aravis, the western Borne, and perhaps also to the southwest of 
the Aravis, were subaerially exposed. During subsequent relative sea-level rise the focus 
of sedimentation shifted to the newly flooded more stable topographically higher areas 
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of the tectonic platform where relatively shallow water transgressive systems tracts were 
deposited unconformably above the Hauterivian boundary. The depositional relay 
developed in the western Borne and northeastern Aravis and Bargy chains directly 
above the Hauterivian are interpreted as representing these transgressive systems tracts. 
The basal sediments in the western Borne and northeastern Borne and Aravis are 
therefore younger than the basal Urgonian section in the southwestern parts of the Bargy 
and Aravis Chains. The sharp differentiation and changes in the nature of the 
depositional gradient of the basal (deep water clusters) and upper (shallow water relays) 
succession in the southeastern Aravis and Bargy chains is interpreted as reflecting a 
change from deposition during relative sea-level fall to deposition during relative sea-
level rise. The abrupt division of these two depositional gradients may indicate a 
depositional hiatus caused by the backstepping migration of the site of maximum 
sedimentation caused by relative sea-level rise to the more stable area of the platform. 
The upper succession in the southwestern Bargy and Aravis chains represents the 
deposition of transgressive deposits above the lowstand wedge either by aggradation 
simultaneously over the whole field area during relative sea-level rise or more likely by 
progradation from the more stable western Borne, northeastern parts of the present day 
Aravis and Bargy Chains, and from the southeast of Thones. 
Because optimized matrices are unable to differentiate different phases of 
sedimentation characterised by similar environmental gradients it is not possible using 
optimized matrices alone to distinguish particular transgressive systems tracts from 
relays. The grouping of quartz, green algae, and Orbitolinid forams in optimized 
matrices indicates the presence of the Orbitolinid marl beds in the upper succession that 
mark the base of the API and AP2 transgressive systems tracts defined by Arnaud-
Vanneau and Arnaud 1990. However, it is again not possible to differentiate the Upper 
and Lower Orbitolinid beds from one another using optimized matrices alone. 
Combined data files for the lower, upper and complete platform succession appear to 
confirm the existence of a lowstand wedge (Fig. 5.8.F, 'Bottom' data file, deep water 
parameters linked by a cluster to the bottom-right of optimized matrix), and 
transgressive systems tract deposits (Fig.5.8.E, 'Top' data file, shallow water cluster 
middle-left of optimized matrix). 
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5.4 Microfacies of the Urgonian Platform 
5.4.1 Introduction 
This section describes and interprets the principa..l facies and subfacies assemblages 
present in the Urgonian Platform sensu lato based on data gathered by microscopic 
examination of samples and aided by the interpretation of Jaccard's similarity 
coefficients matrices calculated between samples and parameters using the criteria 
discussed in previous chapter (sections 4.7.6. and 4.7.7). In the few instances where 
macroscopic features may be used to identify facies these are also described. Urgonian 
microfacies are prefixed with the letter U and numbered from 1 to 45. Subfacies that 
share many common constituents in terms of their princi~l bulk modal volumetric 
composition, but where the presence of less volumetrically abundant but more 
environmentally significant grains indicate a different depositional environment, are 
differentiated by alphabetically after fixes. Interpretations of diagenetic fabrics and spar 
are based on the review by Harwood (1988). In total eighty-eight Urgonian microfacies 
and subfacies have been identified and interpreted. 
Hauterivian deep-water basinal facies which directly underlie the Urgonian Platform 
sensu lato, (prefixed by H), are also described in this section. Glauconitic Greensands 
(prefixed by GS), and Nummulitic Limestone facies (prefixed by NL) both of which at 
various locations may directly overlie the top of the Urgonian Limestone e.g. at La 
Clusaz road section (GR. 09168 21090) in the former case, and in the Aravis Chain at 
Combe Bella Cha (GR. 09220 21090) in the later case, are also briefly described in this 
section. 
All the microfacies included in this section are listed in Table 5.3, and the modal 
compositions of each microfacies is illustrated using selected example plotted as pie 
diagrams shown in Table 5.4. 
In this section the traditional fixed facies terminology of "inner" or "internal" and 
"outer" or "external" platform are used in microfacies descriptions to allow comparison 
to be made with existing Urgonian fixed facies model (e.g. Fig. 3.17 and 3.18 A.rnaud et 
al. 1987). However, as changes in sedimentation occurred across the platform in 
response to both spatial and dynamic temporal environmental changes, particularly 
fluctuations in relative sea-level, microfacies are not defined in relation to static 
geomorphic positions within the platform. Within this context the terms "inner" or 
"internal" platform are essentially used to define microfacies interpreted as indicating 
more restricted marine-circulation whereas "outer" or "external" platform microfacies 
represent more normal open marine circulation. 
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Table 5.3: List of Microfacies 
Code 
H1a: 
H1b: 
U1: 
U2a: 
U2b: 
U2c: 
U3a: 
U3b: 
U3c: 
U3d: 
U3e: 
U3f: 
U3g: 
U4: 
US: 
U6a: 
U6b: 
U7a: 
U7b: 
U7c: 
U7d: 
U7e: 
U7f: 
US: 
U9a: 
U9b: 
U10: 
U10a: 
U10b: 
U10c: 
U10d: 
U10e: 
U10f: 
U11a: 
U11b: 
U12: 
U12a: 
U12b: 
U12c: 
U13: 
U14: 
U15a: 
U15b: 
U16a: 
U16b: 
U16c: 
Microfacies Figures 
Hauterivian basinal mudstones-wackestones ......................................................................... 5.9 
Hauterivian basinal wackstone ............................................................................................... 5.1 0, 5.11 a,b 
Mudstone-wackestone with ostracods and calcitic forms ........................................................ • 
Mudstone-wackestone with sponge spicules .......................................................................... 5.12 
Poorly sorted grainstone-packstone with sponge spicules ...................................................... 5.13 
Wackestone-packstone with sponge spicules and abundant detrital quartz ............................ 5.14 
Peloidal-echinoderm fragment packestones-grainstones ........................................................ 5.15 
Peloidal-echinoderm fragment (+bryozoan fragments) packstone-grainstone ......................... • 
Cross-laminated peloidal-echinoderm fragment packstone ..................................................... 5.16 
Peloidal-echinoderm fragment packstone with rounded detrital quartz .................................... 5.17 
Fine peloidal-echinoderm fragment grainstone with calcispheres ........................................... • 
Medium peloidal-echinoderm fragment grainstone with oysters .............................................. • 
Bimodal medium-coarse peloid-echinoderm fragment grainstone ........................................... • 
Oolitic and bioclastic packstone-grainstone ............................................................................ 5.18 
Grainstone-packstone with bioclastic debris ........................................................................... • 
Coarse bioclastic grainstone .................................................................................................. 5.19a,b 
Coarse bioclastic grainstone with grain alignment .................................................................. 5.20 
Skeletal hash-peloid-echinoderm fragment grainstone ........................................................... • 
Skeletal bivalve hash-peloid-echinoderm fragment packstone with fenestrae ......................... 5.21 
Bivalve-skeletal hash-peloid packstone with small ~,.foe.,., .,. \cz,~ ............................................. 5.22a 
Well sorted medium grained skeletal hash-peloidal grainstone with meniscus spar ................. • 
Skeletal hash-peloid-echinoderm fragment grainstone with ooids ........................................... • 
Poorly sorted echinoderm-bivalve hash-oolitic packetone ....................................................... 5.22b 
Medium-coarse bioclastic grainstone with fenestrae ............................................................... • 
Oolitic sand with -~ro.e., ."'l~c.uL ·····················:········································································· 5.23, 5.24a,b 
Poorly sorted ooht1c gramsfone-packstone w1th ~rf,JW'l "'!0~ ................................................. 5.25 Rudist sediment lagoonal microfacies .................................................................................... 5.26a,b, 5.27a,b 
Rudist-mudstone "sheltered" lagoonal sediments ................................................................... 5.28.a,b 
Rudist-wackestone-packstone lagoonal sediments ................................................................. 5.29 
Rudist grainstone-packstone lagoonal sediments with high energy lime sands ....................... 5.30a,b, 5.31 a,b 
Rudist fragments within a desiccated mudstone matrix ......................................................... • 
Rudist fragments\corals and large Orbitolinidae packstone ..................................................... • 
Rudist grainstone with abundant quartz .................................................................................. 5.31 c,d,e 
Coral patch reefs in high energy grainstone-sandy lagoons .................................................... 5.32, 5.33a,b 
Scleractinian and colonial corals in wackestone lagoons ........................................................ 5.34 
Orbitolinids with quartz infilled tests in grainstones-packstones .............................................. • 
Orbitolinidae grainstone with accessory grain-types ............................................................... 5.35 
"Unimodal" Orbitolinidae grainstone ....................................................................................... 5.36a,b 
Orbitolinidae packstone with abundant green dasycladacean algae ........................................ 5.37a,b 
Bioclastic grainstone rich in Orbitolinids and dasycladacean green algae ............................... 5.38a,b 
Peloidal grainstone-packstone with fenestrae ......................................................................... 5.39 
Mudstone-wackestone with small foraminifera ....................................................................... 5.40a 
Mudstone-wackestone with birds-eyes, green dasycladacean algae and angular rudist debris5.40b 
Peloidal-foraminiferal grainstone with neomorphosed rudist fragments and keystone vugs ..... 5.41 a,b 
Peloidal-foraminiferal grainstone with neomorphosed rudist fragments, keystone vugs and silt• 
Peloidal packstone-grainstone with small rudist fragments ..................................................... • 
•no figure 
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Table 5.3 (continued): List of Microfacies 
Code Microfacies Figures 
U16d: Peloidal packstone-grainstone with small oysters ................................................................... • 
U16e: Very fine well sorted peloidal-packstone ................................................................................. • 
U16f: Fine peloidal grainstone with relatively abundant dasycladacean green algae ........................ • 
U16g: Peloidal-foraminiferal grainstone with neomorphosed rudist fragments and quartz ................. 5.42 
U16h: Very fine well sorted peloidal grainstone with quartz and glauconite ....................................... • 
U17: Peloidal grainstone-packstone with abundant calcitic bivalves ................................................ • 
U18: Foram-packstone with dasycladacean green algae and vadose silt ........................................ • 
U19a: Coarse well sorted cross-laminated grainstone ...................................................................... 5.43a,b 
U19b: Coarse well sorted cross-laminated grainstone with dripstone spar ........................................ • 
U20: Poorly sorted wackestone-packstone with pyritized grains ..................................................... 5.44 
U21: Poorly sorted intraclastic grainstone-packstone ...................................................................... 5.45 
U22a: Fine grained forampelbiosparite with rare ooids and calcispheres .......................................... 5.46 
U22b: Coarse iron-stained oolitic-peloidal grainstone with abundant green dasycladacean algae ...... • 
U22c: Very coarse oolitic grainstone with associated high energy bioclastic fauna ........................... • 
U23: Very coarse skeletal debris with moldic vugs in a low calcite mud .......................................... 5.47 
U24: Peloidal packstone with abundant dasycladacean green algae in a low calcite mud matrix ..... 5.48a,b 
U25: Very coarse well sorted moderately to well rounded skeletal grainstone ................................. 5.49a,b 
U26a: Microbial mud clot grainstone with drip and meniscus spar ..................................................... 5.50a,b 
U26b: Microbial mud clot packstone with replacive dedolomite silt.. .................................................. 5.51 
U27: Bioclastic grainstone with Orbitolinids and dasycladacean green algae .................................. 5.52 
U28a: Coarse peloidal grainstone with echinoderms and rounded rudist fragments .......................... • 
U28b: Coarse poorly sorted grainstone with bioeroded rudist fragments ........................................... 5.53 
U29: Very coarse grained brachiopod-bivalve-peloid grainstone ..................................................... 5.54 
U30a: Very fine grained quartz rich spiculate pyritic wackestone-packstones ................................... 5.55 
U30b: Fine grained echinoderm-peloidal pyritic wackestones-packestones ....................................... 5.56 
U31: Coarse poorly sorted pyritic packstones ................................................................................. • 
U32: Pyritic echinoderm-peloid wackestone-packstones ................................................................. • 
U32a: Fine moderately well sorted pyritic echinoderm-peloid wackestone -packstone ...................... • 
U32b: 
U33: 
U34: 
Pyritic echinoderm-peloid wackestone-packstone with ooids .................................................. • 
Very. fine grained pyritic wackesto~e-~acksto.ne with ~r~. "'[0~ ....................................... • Pyntrc mudstones-wackestones wrth frne grarned dedolomite rliombs .................................... 5.57 
U35: Oolitic packstone with brachiopod and bryozoan fragments and Pfenderina foraminifera ........ 5.58, 6.50b(B) 
U36: Oolitic packstone-grainstone with brachiopods, bryozoans, vadose silt and Nummulities ....... 6.50b(C) 
U37: Moderately coarse grainstone containing brachiopods, bryozoans and Orbitofinidae forams .. 6.50b(D) 
U38: 
U39: 
U40: 
Fine-medium oolitic grainstone with Trocholina foraminifera ................................................... 5.59, 6.50b(E) 
Packstone containing ~f"G!_e.., o~__, and micritic intraclasts containing authigenic feldspar ...... 5.60a,b 
Peloidal-biodiverse cross-laminated grainstone ...................................................................... 5.61 
U41: Fine grained packstone with small foraminifera and sponge spicules ...................................... 5.62 
U42: Grainstone with intraclasts containing authigenic feldspar ...................................................... 5.63 
U43: Quartz and glauconie rich biopelsparite .................................................................................. 5.64 
U44: Calcarenite deposited in the sheltered megablock top topography .......................................... 6.66d 
U45: Quartz arenite containing biopelsparite intraclasts .................................................................. 5.65a,b 
DCi1: Small dissolution cavities infilled with glauconitic sandstone ................................................... 5.66a,b 
DCi2: Large dissolution cavities infilled with glauconitic greensands and Cenomanian intraclasts ..... 5.67a,b 
GS1: "Upper Aptian" glanconite greensands with phosphatized ammonites .................................... 5.68 
NL1: Red algal wackestone-boundstone ........................................................................................ 5.69 
• no figure 
172 
H1a 
U2c 
U3e 
U6a 
miliolid forams 
sample: s14 I H 1 b sample: s571 1 U 1 
sponge spicu~ bivalves 
echinod 
sample: s132a U3a 
echinoderms 
sample: s548 U3f 
sample: s127 U3b 
echinnrlorrn<: 
miliolid forams 
c.forarr.s 
~tz 
sample: s 707 I U 
green algae ost<acod', r gffien algae 3 g 
sample: s146 I u 7 a sample: s147 U7b 
green algae 
micrite 
spa rite 
brach s 
sample: s138 l U 2a 
sample: s25 U3c 
sample: s737 I U4 
peloids 
sample: a1091i U7 C 
peloids 
sample: s143 
intraclast 
sample: s57 
ostracods1 r green algaH 
echmoderms I 
bryozoan 
U2b gastropods 
os tracods 
sponge spicules 
sample: s42 
sample: 
green algae 
L bivalves hiopods 
U5 sample: s144 
ostracods l 
s peloids 
U7d sample: s 733 
c.spheres 
peloids 
Table 5.4 
Microfacies of the Urgonian Platform 
Table 5.4 (Facing pages) Graphic representation of modal compositions of individual microfacies 
illustrated using selected samples. Key to allochem ornamentation used in pie charts shown below. 
key 
red algae 
corals 
bryozoans 
microbial mud clots 
orbitolinidae torams 
173 
U7e 
micrite 
U10f 
m.forams 
sample: s97 4 
brachs 
sample: s565a 
sample: s583 
quartz 
o.forams 
U7f 
gastropods 
sparite 
U11a 
sample: s 708 U8 
green algae 
peloid sparite 
= 
sample: s153 U10c 
spa rite 
sample: s154 U11b 
corals 
sample: s494 U14 
peloids 
ooids 
sample: a1 
peloids 
sample: s158 
sample: s556b 
red algae 
r green algae 
~ ,.11c~ bivalves 
peloids 
U9a 
U10d 
u 12 a gastropods 
echinoderms 
micrite 
ooids 
sample: s589 
>ample: s471 
green algaE. 
peloids 
U9b sample: s 776 
peloids 
U10e 
U 12 b echinoderms 
sample: s477 
orbitolinidae torams 
sample: a973 
Table 5.4 (continued) 
u 16 a gastropods 
os tracods 
h . IVi<>rm < ec In 
m 
spa rite 
U16f 
U19a 
U22b 
peloids 
sample: s497 
peloids 
sample: s611 
brachs 
sampl~: ~44 
brachs 
sample: ati47 
brachs 
U 16 b gastropods 
micrite 
U16g 
rudists 
quartz 
U19b 
sparite 
U22c r rudists 
sample: s499 
sample: A 163 
sample: s542 
brachs 
peloids 
sample: a602 
U16c 
U 16 h ostracods 
echinOderm 
micrite 
U20 
micrite 
U 2 3 gastropods 
ostracods 
sponge spies 
~hinn.An.r••'~ 
intraclasts 
sample: s60S 
bivalves 
brachiopods 
peloids 
sample: s624 
U16d sample: s607 
green algae 
U17 S3.mple: a1093 
peloids I m. 
sample: s51 
green algae 
sparite 
sample: s4 73 
brachs 
U21 ·>ample: s126 
echinoderms 
corals --------- ~ 
bryozoans 
m.torams 
U24 c:ample: s478 
spa rite 
U16e sample: s608 
U18 sample: s158 
U22a sample: s28 
peloids 
ooids 
U25 sample: a 791 
corals 
able 5.4 (continued) 
U26a 
micrite 
U29 
sparite 
U33 ostracods 
U38 
sam p le: a 795 1 U 2 6 b 
clasts 
m.forams 
sample: a581 U30a 
micrite 
brac.hs 
peloids 
sample: s684 j U 3 4 
echinoderms 
sample: s66 1 U 3 9 
echinod 
--=1 ooids . 
c.sphere 
intraclasts! 
quartz 
o.forams 
c.forams 
micrite 
micri te 
micrite 
sample: a794 U27 
gastropods 
I 
corals ....... -'A~ 
bryozoans 
sample: s400 U30b 
bryozoa . 
sample: s696 I U 3 5 
echinoderms 
c.forams I bryozoans 
sample: s 798 I U 4 Q 
brachs I 
ooids 
c.spheres 
raclasts 
quartz 
.forams 
bryozoa 
spari te 
m.forams 
c.forams. 
ostracods 
sample: s557 I U 2 8 a 
peloids 
spa ri te 
ooids 
sample: s678 U31 
bivalves 
sparite 
c.sphe 
micrite 
sample: s62 I U 3 6 
ooids 
c.spheres 
quartz 
c.forams 
m.forams 
sample: a1050 I U 41 
echincd 
brachsl 
intraclasts 
gastropods 
sparite 
micrite 
sample: s449 
green algae 
sample: s680 
green algc; e 
U28b 
U32a 
peloids I bryozoa. 
c.spheres 
sample: s63j U 3 7 
echinoderms 
sample: a599b 
gastropods rudists 
brachs 
sample: s682 
sponge spies 
sample: s61 
brachs coral s ~-----
ooids 
c.spheres 
intraclasts 
o.forams 
m.fora ns 
bryozoa 
m.forams 
peloids 
c.forams , 
sample: s 719 I U 4 2 •contain authigenic feldspars sample~ s31 
gastropods green algae 
spa rite 
peloids 
intraclast• 
·~ Table 5.4 Cr.nntin11Prn 
U43 
echinoderms 
micrite 
miliolid forams 
U32b 
gastropods 
micrite 
Microfacies of the Urgonian Platform 
sample: s280 U 44 
brachiopods 
sparite 
sample: s683 ·NL 1 
• quartz 
micrite 
sample: s37 
sample:s 500 
bivalves 
brachs 
c.spheres 
intraclasts 
c.forams 
m.forams 
Table 5.4 (continued) 
Microfacies of the Urgonian Platform 
5.4.2 Subfacies Hla and Hlb: Hauterivian basinal mudstones-wackestones 
These facies are composed of thinly bedded, highly bioturbidated very fine grained 
mudstones and wackestones interbedded with shales. These microfacies are dominated 
by micrite and small peloids. Small foraminifera, calcispheres, quartz, glauconite, 
pyrite, sponge spicules and echinoid plates may all be present in variable but relatively 
small amounts (Subfacies Hla) (Fig 5.9). Glauconite and quartz may be especially 
concentrated at particular horizons which are also characterised by the sediment being 
especially heavily bioturbated (Subfacies Hlb) (Fig. 5.10 and Fig 5.1la,b). These 
horizons are interpreted as representing depositional hiatuses in the basin formed during 
periods of highest relative sea-level (section 5.3.3.2). Relatively intact Toxaster are also 
relatively common in both these microfacies. 
Examples of subfacies Hla include samples: s13, s14. 
Examples of subfacies Hl b include sample: s571 
Environmental interpretation: Relatively deep-marine pelagic basinal facies. 
Depositional hiatuses indicated by microfacies Hl b horizons are interpreted as having 
formed during stances of highest relative sea-level indicating that cycles of relative sea-
level change (fifth-cycles order) occurred during the deposition of Hauterivian deep 
water basinal facies creating depositional cycles (parasequences) as well as during the 
deposition of the Urgonian Platform sensu lato. 
5.4.3 Microfacies Ul: Mudstone-wackestone with ostracods and calcitic 
foraminifera 
This facies is characterised by mudstone-wackestone fabrics (Biopelmicrites). This 
microfacies is dominated by mud (with a relatively low calcitic content), grain-types 
present include very small peloids (which are often difficult to differentiate from the 
muddy matrix), ostracods, small echinoid fragments and still articulated crinoid ossicle 
stems. There is a very small amount of detrital quartz in this microfacies (<<1 %). 
Foraminifera are very rare but those which are present are small types of Miliolidae and 
exceedingly rare calcitic foraminifera including Nodusariidae, Tricellina and 
Nummulites. 
Examples of this microfacies include sample: s138 
Environmental interpretation: Circalittoral hemipelagic very low energy calm subtidal 
outer platform fore-slope depositional environment. 
5.4.4 Microfacies U2: This microfacies represents low energy outer platform 
microfacies characterised by a fauna of sponge spicules, small types of foraminifera, and 
peloids. Three subfacies, U2a, U2b and U2c, may be differentiated based on changes in 
fabric, relative grain abundances and the increased presence of detrital quartz. 
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5.4.4.1 Microfacies U2a: Mudstone-wackestone with sponge spicules. 
This microfacies is characterised by fme grained wackestone-packstone 
(Biopelmicrites ), modally dominated by peloids and micrite and may be highly 
bioturbated. The main types of skeletal grains present, which tend to be concentrated in 
more spar rich burrows infills, include sponge spicules, echinoid fragments and small 
types of porcellaneous walled Miliolidea foraminifera and large complex agglutinated 
foraminifera such as Pseudocyclammina lituus and Everticyc/amminia. "Calcispheres", 
some of which are probably traverse sections through sponge spicules, are present. Fine 
detrital quartz grains may also occur in this facies. A small amount of pyrite and a few 
pyritized grains may be present. (Figure 5.12) 
Examples of this microfacies include samples: s39, s40, s41, sl39, s522, s862 
Environmental interpretation: Relatively calm low-energy subtidal circalittoral outer-
shelf depositional environment. 
5.4.4.2 Microfacies U2b: Poorly sorted grainstone-packstone with sponge spicules 
This microfacies is dominated by a ~ fine grained matrix composed of small 
foraminifera, which are mainly of Miliolidae and Pseudotricholina type, although more 
rarely small Textulariidae and small types of Orbitolinidae forams may also be present. 
Larger sponge spicules, peloids, intraclasts and neomorphosed skeletal hash (bivalves?) 
comprise the coarser fraction of the matrix. "Calcispheres", some of which at least are 
probably transverse sections through sponge spicules, are present. Rare echinoid plates, 
calcitic bivalve fragments, brachiopods and gastropods may also be present. Green 
dasycladacean algae are included in this microfacies. Glauconite, pyrite and quartz may 
be present in relatively small amounts (Figure 5.13). 
Examples of this microfacies include sample: s42 
Environmental interpretation: Circalittoral subtidal low to moderate energy (but slightly 
higher than microfacies U2a) open marine outer foreslope/ramp depositional 
environment possibly at or near storm weather wave base with storms importing the 
relatively high energy allochthonous fauna from up-slope. 
5.4.4.3 Microfacies U2c: Wackestone-packstone with sponge spicules and 
abundant detrital quartz 
This microfacies is characterised by a fme grained wackestone-packstone matrix 
composed of small types of foraminifera (mainly Miliolidae), sponge spicules (some of 
which may appear as "calcispheres"), peloids and small well rounded echinoderm 
fragments. Most environmentally significant is the presence of well rounded detrital 
quartz grains which may form up to 20% of the rock composition. Some skeletal grains 
may be pyritized. 
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Examples ofthis microfacies include samples: s132a, s132b, sl35 
Environmental_ interpretation: This microfacies is interpreted as representing a low 
energy circalittoral hemipelagic outer platform foreslope/ramp depositional 
environment. Reworked detrital quartz may indicate deposition during slow rates of 
indigenous sediment accumulation. Within a sequence stratigraphic context reworked 
detrital quartz may have been washed into this depositional environment from the 
previously subaerially exposed platform-top during marine transgression and reflooding 
of the inner platform. 
5.4.5 Microfacies U3: These microfacies are characterised by the ubiquitous high 
modal presence of echinoid fragments and peloids. They may be divided into seven 
subfacies, differentiated by after fixes a to g, reflecting increased hydrodynamic energy 
conditions and increases in faunal diversity. 
5.4.5.1 Microfacies U3a: Peloidal-echinoderm fragment dominated packstones-
grainstones 
This packstone-grainstone microfacies is almost exclusively dominated by a well 
sorted assemblage of small peloids and echinoderm fragments. Spar is mainly developed 
as syntaxial echinoderm overgrowths. Small types of Miliolidae and 
Pseudotriculoculina porcellaneous walled foraminifera and small simple agglutinated 
foraminifera including Textulariidae, Charentia and Gaudryina-Dorothia may also be 
present. A very low number of small neomorphosed bivalve fragments may on rare 
occasions be present in this subfacies. (Figure 5.15). 
Examples of this microfacies include samples: s127, s140, s738, a204, a450, a455d, 
a968 
Environmental interpretation: A predominantly calm low energy open marine 
circulation circalittoral subtidal outer platform foreslope/ramp depositional 
environment. 
5.4.5.2 Microfacies U3b: Peloidal-echinoderm fragment (+ bryozoan fragments) 
packstone-grainstone 
This microfacies is broadly similar to U3a but also includes some bryozoan 
fragments. 
Examples of this microfacies include: s25, s47, s130 
Environmental interpretation: Open marine circulation circalittoral subtidal outer 
platform foreslope/ramp deposition possible experiencing very weak hydrodynamism. 
This microfacies represents intermediate energy conditions between U3a and U3c. 
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5.4.5.3 Microfacies U3c: Cross-laminated peloid-echinoderm fragment dominated 
packstone 
This facies contains parallel alignment of long grain axis and alternations of finer and 
coarser grained laminae indicating increased hydrodynamic marine current agitation. 
The fmer laminae have a similar composition to U3a. The composition of the coarser 
laminae may include in addition intraclasts, and rare calcitic bivalves and/or impunctate 
brachiopods, bryozoans fragments, and medium sized Orbitolinid foraminifera. (Figure 
5.16). 
Examples of this microfacies include samples: s26, s27, s43, s127, s128, s129, s549, 
s550,552,s553,s554,a574,s731 
Environmental interpretation: Circalittoral to infralittoral subtidal outer platform upper 
foreslope/mid-ramp shoaling sand deposits experiencing overall increased, but 
fluctuating, energy conditions in comparison to U3a and U3b. Sorting of cross-
lamination within the sediment by waxing and waning marine current agitation may be 
tidal in nature. The greater diversity and higher energy nature of allochems in the 
coarser laminae may represent increased sediment input from the inner platform to the 
foreslope during ebb tides. 
5.4.5.4 Microfacies U3d: Peloidal-echinoderm fragment packstone with rounded 
detrital quartz 
This microfacies is similar to microfacies U3a but includes up to 10% by volume of 
small rounded detrital quartz grains. A few oolitic coatings of skeletal and peloidal 
grains may be developed. (Figure 5.17). 
Examples of this microfacies include samples: s48, s133, s134, s745, a959, a962, a964, 
a966, 
Environmental interpretation: This microfacies represents a circalittoral subtidal 
comparatively low energy outer platform foreslope depositional environment into which 
higher energy allochems may have been transferred from up slope by mass flows. 
Quartz may have become more abundant during a relative hiatus in carbonate 
deposition. Within a sequence stratigraphic context this facies may represent foreslope 
deposition during a marine transgression. Marine transgression refloods the inner 
platform washing subaerially reworked high energy unlithified oolitic sediments and 
detrital quartz from the previously subaerially exposed platform-top into the platform 
foreslope/outer ramp environment. 
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5.4.5.5 Microfacies U3e: Fine peloidal-echinoderm fragment grainstone with 
calcispheres 
This microfacies is dominated by very fme peloids and very small foraminifera 
(Pseudotriculina and Miliolidae) with fme echinoderm fragments and "genuine" small 
calcispheres. Accessory grain-types include sparse moderately large types of 
foraminifera and micritic intraclasts. 
Examples of this microfacies include samples: s548, s558 
Interpretation: This facies represents a relatively low energy circalittoral open marine 
platform foreslope/ramp depositional environment. The presence of calcispheres 
possibly indicating the presence of dasycladacean algae and the foraminiferal 
assemblage suggest that this depositional environment is slightly shallower than U3a. 
5.4.5.6 Microfacies U3f : Medium peloid-echinoderm grainstone with oysters 
This.-subfacies is differentiated by the presence of small calcitic bivalves (oysters?), 
and brachiopods. Other grains present may include green dasycladacean, algae, 
neomorphosed skeletal hash and rare small sized ooids. Larger grains may include rare 
large Orbitolinidae foraminifera and micritic intraclasts. A small amount of speckled 
dolomite and/or quartz(?) may be present. 
Examples of this microfacies include samples: s707, s722, s732, a447, a961 
Environmental interpretation: Moderately high energy possibly tidal open marine 
infralittoral shallow upper foreslope-outer ramp depositional environment. 
I 
5.4.5. 7 Microfacies U3g: Bimodally sorted medium-coarse peloid-echinod~ 
grainstone 
This microfacies is dominated by the finer grained fraction which is composed of 
peloids and echinoderm fragments. The larger grains, which are much less 
volumetrically important, may include: oysters, bryozoans, and clasts of large 
neomorphosed gastropods. 
Examples of this facies include sample: s737 
Environmental interpretation: The relatively poor sorting of this microfacies caused by 
the inclusion of relatively sparse larger grain-types of higher energy origin compared 
with the dominantly comparatively lower energy peloidal-echinoderm matrix is 
interpreted as reflecting the resedimentation of allochthonous high energy fauna into a 
predominately lower energy outer foreslope circalittoral environment possibly in 
response to storm action. 
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5.4.6 Microfacies U4: Oolitic and bioclastic packstone-grainstone 
This microfacies is characterised by moderate to very well sorted relatively coarse 
packstone-grainstones (Biopelsparites). Only a very small amount of micrite (silt) is 
present in this microfacies. Grains are well rounded and relatively coarse with average 
grain sizes of 0.5mm. Grain-types include large well rounded echinoid fragments, ooids, 
rounded intraclasts, large stick bryozoan, calcareous sponge and coral fragments. Many 
skeletal grains have micritic bioeroded rims indicating attack by endolithic algae. 
Forams present include large benthic Orbitolinidae foraminifera, small Miliolidae 
forams and large complex agglutinated forams. Heavily eroded rudist bioclasts may also 
be included in this microfacies (Figure 5.18). 
Examples ofthis microfacies include samples: s142, s143, a823 
Environmental interpretation: High energy open marine infralittoral depositional 
environment that experienced continuous strong hydrodynamism on the platform upper 
outer shelf foreslope/ramp during maximum platform flooding, indicated by the 
presence of well rounded allochems, coral fragments and ooids. The presence of rudist 
fragments suggests the reworking of inner platform microfacies to the foreslope by 
currents, tides or storms. 
5.5. 7 Microfacies US: Grainstone-packstone with bioclastic debris 
This microfacies is characterised by poorly bimodally sorted grainstone-packstones. 
A relatively fme peloidal-echinoderm sedimentary matrix also containing larger angular 
coral, oyster, echinoderm and rudist fragments. Echinoderm fragments in the finer 
grained matrix may be preferential replaced by individual dedolomite rhombs. 
Examples of this microfacies include samples: s144, s612 
Environmental interpretation: These facies represent the reworking of high energy 
margin and inner platform faunal assemblages by marine current action. The poor 
sorting of this microfacies indicates intermittent high energy conditions, possibly 
resulting from storm action, and/or within a sequence stratigraphic context sediment 
reworking during marine transgression. This microfacies may be interpreted as an 
"external" platform transgressive debris deposits often found in association with Lower 
Orbitolinidae Horizon deposits. The inner "internal" platform depositional equivalents 
of this microfacies are described by microfacies U23 and U24. 
5.4.8 Microfacies U6: These facies are characterised by high energy very coarse well 
rounded skeletal grainstones containing bioclastic debris. 
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5.4.8.1 Microfacies U6a: Coarse bioclastic grainstone 
This microfacies is characterised by very coarse well sorted grainstones with an 
average grain size from between 1 to 4 mm. Large well rounded bioclastic grains 
including intraclasts, rounded microbial mud clots, peloids, scleractinian coral 
fragments, gastropods, large types of benthic Orbitolinidae foraminifera, large complex 
agglutinated foraminifera, Trocholina foraminifera, large echinoderm plates, 
neomorphosed bivalves, gastropods, worm tubes and rudist fragments. Rudist fragments 
may be neomorphosed with their original biminerallic shell mineralogy replaced with 
spar, but with the original partition between inner and outer shell preserved by micritic 
coatings (Fig. 5.19a). More rarely a few relatively small ooids may also be present. 
Miliolidae foraminifera are absent and simple agglutinated foraminifera (Textulariidae) 
rare (Fig. 5.19a). All grain-types have heavily bioeroded rims with micritic envelopes. 
Dripstone spar, indicating periods of vadose meteoric groundwater conditions, is well 
developed (Fig. 5.19b). Examples of this microfacies include samples: s146, a1082, 
a1094, 
Environmental interpretation: This microfacies represents infralittoral high energy 
intertidal shoaling beach (?) sand deposits that accumulated in the shallow wave 
dominated (?) upper foreslope margin/shallow inner-ramp part of the platform and 
experienced periodic subaerial exposure possibly relate to ebb and neap tides. Within a 
sequence stratigraphic context the presence of reworked rudists and other inner platform 
fauna may indicate net marine transgression. 
5.4.8.2 Microfacies U6b Coarse bioclastic grainstone with grain alignment 
This subfacies is compositionally similar to that decribed above for microfacies U6a 
but with a strong grain alignment developed in the fabric. 
(Figure 5.20) 
An example of this sub-microfacies is sample : s818 
Environmental interpretation: As above, experiencing strong persistant current agitation. 
5.4~9 Microfacies U7: These microfacies are characterised by the high modal 
abundance of fine grained frequently bioeroded and rounded neomorphosed skeletal 
bivalve hash and peloids. Echinoderm fragments are also frequently an important 
component in these microfacies but much less so than in microfacies U3. These 
microfacies can be differentiated into five subfacies (a to e) reflecting decreases in water 
depths, evidence of subaerial exposure and the occurrence of non-marine Charophyte 
green algae. 
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5.4.9.1 Subfacies U7a: Skeletal hash-peloid-echinoderm grainstone 
This microfacies has a uniformly well sorted fine grainstone fabric (Biopelsparite ). It 
is dominated by rounded skeletal hash (probably of small bivalves), echinoderms and 
peloids, with accessory grain-types including small types of Miliolidae and simple 
agglutinated foraminifera (Textulariidae). Parallel alignment of elongate grains 
representing microscopic cross-laminae indicates moderate hydrodynamism. Drip spar 
may be developed. 
Examples of this microfacies include samples: s147, s148, a598, a969 
Environmental interpretation: Infralittoral shallow open marine outer platform/shallow 
ramp sand shoal experiencing moderately energy conditions and periodic subaerial 
exposure. 
5.4.9.2 Microfacies U7b: Skeletal bivalve hash-peloid-echinoderm packstone with 
fenestrae 
This microfacies is essentially similar in composition to U7a above. The microfacies 
is characterised by moderately fine grained packstones composed of well sorted skeletal 
hash mainly of small bivalves, as well as echinoderm fragments and peloids with 
fenestrae and keystone vugs developed in more micritic matrix. (Figure 5.21). 
Examples of this microfacies include samples: a1091 
Environmental interpretation: Infralittoral shallow open marine outer-platform 
shelf/shallow ramp intertidal sand shoal deposited in moderately high energy conditions 
and experiencing periodic subaerial exposure (essentially similar to depositional 
environment represented by microfacies U7b ). 
5.4.9.3 Microfacies U7c: Bivalve-skeletal hash-peloidal packstone with small 
"0 ( 4.¥\. CA. ~~tA-IL 
This microfacies includes very fine and medium grained moderately well sorted 
packstones. P...o..r<- 5~ ... u 0,-e.ev'\ .o-l~ -~<-- fr...oe.Nt- <-<-.J f'"'!>s;l \< Ck..vafl7 to. 
- ··-·- ·· · ·- - .. The main modally abundant grain-type constituents are 
peloids, bivalves, skeletal hash and small types of foraminifera. Echinoderm fragments, 
oyster fragments and calcispheres may also occur. All skeletal grains have micritic 
envelopes around their edges indicating bioerosion possibly by endolithic algae that 
most commonly inhabit the inner platform. The sediment may be highly bioturbated 
with grain infilled burrows locally rich in sparite appearing as grainstone fabrics. Some 
grains are also coloured black by pyritization. Rare ooids and bryozoan fragments and 
Nummulit es foraminifera also may be present in this subfacies. (Figure 5.22). 
Examples of this microfacies include samples: s53, s57, s58, s59, s60, a446, a764, a766, 
a769,a798 
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Environmental interpretation: Open-marine infralittoral very shallow sediments that 
accumulated in a slightly lower energy calmer depositional environment compared to 
microfacies U7a and U7b, and into which reworked non-marine sediments from lagoons 
formed in depressions on the predominantly subaerially exposed platform-top have been 
resedimented. Non-marine fauna may have been carried into this environment by storms 
or during marine transgression reflooding of the platform-top. 
5.4.9.4 Microfacies U7d: Well sorted medium grained skeletal hash-peloid-
grainstone with meniscus spar 
This subfacies is differentiated from U7a by the following criteria: the comparatively 
low modal abundance of echinoderm fragments and the possible presence of meniscus 
spar. 
Examples of this facies include sample: s733 
Environmental interpretation: This facies represents a possible restricted circulation 
shallow-marine moderate energy intertidal vadose-marine depositional environment. 
5.4.9.5 Microfacies U7e: Skeletal hash-peloid-echinoderm grainstone with ooids 
This microfacies shares a similar composition to microfacies U7a with the addition of 
a relatively high proportion of small ooids. All skeletal hash fragments are well rounded 
and have extensively micritized rims. This facies may also be related to microfacies 
U22. 
Examples ofthis facies include sample: a974 
Environmental interpretation: Relatively shallow infralittoral open marine moderately 
high energy outer platfonn/shallow ramp depositional environment. 
5.4.9.6 Microfacies U7f: Poorly sorted echinoderm-bivalve hash-oolitic packstones 
This facies is characterised by the presence of small ooids, peloids, small intraclasts, 
skeletal (bivalve) hash, small echinoid plates and fragments, relatively sparse small 
types of foraminifera (mainly Textu/ariidae and some Miliolidae) are the only 
foraminiferas present. Fenestrae may also be present (Fig. 5.22b). 
An example of this microfacies is sample: s708 
Environmental interpretation: Moderately to high energy infralittoral intertidal 
depositional environment. 
5.4.10 Microfacies US: Medium-coarse bioclastic grainstone with fenestrae 
This microfacies is characterised by coarse bioclastic grainstones dominated by large 
peloids, rounded intraclasts, echinoderm fragments, large benthic Orbitolinidae 
foraminifera and bivalves. Accessor grain-types may include, coral fragments, 
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brachiopods, bryozoans and gastropods. Small Miliolidae foraminifera, and rare small 
simple agglutinated foraminifera including Pfendrina are present. Trocholina 
foraminifera, usually found in high energy environments, may also occur in this 
microfacies. Alternating microscopic fmer and coarser grained laminae reflect waxing 
and waning hydrodynamism are developed. Drip spar and fenestrae indicate periodic 
subaerial exposure and vadose meteoric pore water conditions. 
Examples of this microfacies include: al 080 
Environmental interpretation: Infralittoral intertidal high energy beach (?) or sand bar 
(?) microfacies and/or storm deposits. 
5.4.11 Microfacies U9: These microfacies can be distinguished from oolitic microfacies 
U4 by the presence of non-marine Charophyte green algae. This microfacies is 
subdivided into two subfacies, U9a and U9b, based on the presence or absence of large 
complex agglutinated foraminifera and rudist fragments. 
5.4.11.1 Microfacies U9a: Oolitic sand with d•~c..\0o.e.. 
Microfacies U9a is a moderately well sorted relatively coarse (average grain size 
lmm) grainstone (biopelsparite) (Fig. 5.23) The main grain-types in this facies are 
ooid~i> peloids, large benthic Orbitolinidae foraminifera, bryozoan fragments and green Al.~ 
po ,..,,~7 <rt<.\..J,,.j 'J 
l._charophyte tnon-marine) algae. Also present may be bivalves, rudist and coral 
fragments, large complex agglutinated foraminifera belonging to the Lituolacea 
superfamily, simple agglutinated foraminifera (Textulariidae), and small Miliolidae 
foraminifera which may themselves have oolitic coatings. Parallel alignment of the long 
axis of skeletal fragments may occur. When deposited, in situ diagenetic features 
indicating subaerial exposure, including small neptunian dykes and fenestrae infilled 
with vadose silt, may be developed towards the top of this microfacies (Figs 5.24a,b ). 
This microfacies may also be washed into the outer platform foreslope as mass flow 
deposits that form thin distinctive beds. Mass flow deposits do not exhibit sedimentary 
grading as proposed by Bouma (1962) or the reverse grading proposed for 
calciturbidities by Eberli (1990). 
Examples ofthis microfacies include samples: s33, s49, s50, a1085 
Environmental interpretation: In:fralittoral high-energy relatively shallow-marine beach 
sand containing reworked fresh water lagoonal sediment, indicated by the presence of 
non-marine Charophytes. Non-marine lagoon sediments may originally have been 
deposited in depressions on the subaerially exposed platform top during low stances of 
relative sea-level. This microfacies is similar to U4, except for the significant presence 
of Charophytes, and within a sequence stratigraphic context it may be interpreted as 
188 
Microfacies of the Urgonian Platform 
deposition during marine transgression reflooding the inner platform and exporting 
previously confmed inner platform sediment to the foreslope/outer platform. 
5.4.11.2 Microfacies U9b: Poorly sorted oolitic grainstone-packstone with 
, ~r ~' (7\t(jo;e.. 
This microfacies is poorly sorted with bimodal medium to coarse grain size 
distribution. Ooids and grains with oolitic coating are the main grain-types present and 
very small numbers of ~ r-~ -"'-~~ - · _ s are the other most environmentally 
significant component in this subfacies. Other grain-types present may include coral 
fragments, Orbitolinidae, small Miliolidae and Trocholina foraminifera, green 
dasycladacean algae, intraclasts, peloids, echinoderm plates, bivalves, gastropods and 
small amounts of silt and detrital quartz. Dripstone spar may also be developed. 
Fenestrae may be partially infilled with (vadose) silt. This microfacies may be 
differentiated from Microfacies U9a by its poorer sorting and the absence from this 
microfacies of complex agglutinated foraminifera and rudist fragments (Figure 5.25). 
Examples of this microfacies include samples: a776 
Environmental interpretation: High energy beach microfacies experiencing intermittent 
moderate to high energy conditions perhaps reflecting storm cycles. Charophytes Jp~';( 
been reworked from inner platform non marine lagoons. 
5.4.12 Microfacies U10: Rudist lagoonal microfacies 
Rudist bivalve microfacies contain 'concentrations' of large rudist bivalve fragments 
in mudstone, wackestone or packstone sedimentary matrices. Although located within 
their original depositional environment rudists are hardly ever found in life position. 
Inter rudist "bioherm" sediments may be volumetrically greater than clusters of rudist 
concentrations within inner platform lagoons. These microfacies, characterised by the 
presence of coarse rudist bivalve fragments, are one of the few microfacies within the 
Urgonian Platform that are easily identified at hand specimen and outcrop scale (Figures 
5.26a,b, 5.27a,b and 5.31c,d). Microscopic examination allows rudist microfacies to be 
differentiated into six subfacies, based on the composition of their finer sedimentary 
matrix and the development of early diagenetic fabrics. 
5.4.12.1 Microfacies U10a: Rudist-mudstone "sheltered" lagoonal sediments 
In this microfacies large rudist fragments occur within a dominantly micritic matrix 
(Fig. 5.28a and b). Some microbial mud clots and small accessory Miliolidae 
foraminifera and peloids may be distinguished within the matrix. Small scleractinian 
corals may be present. Replacive dolomite within the micritic matrix is not uncommonly 
associated with this microfacies. Bird's eye fenestrae and spar infilled moldic vugs 
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formed by grain dissolution are common. All skeletal grains are heavily bioeroded 
probably by endolithic algae. 
Examples of this microfacies include samples: s565a, a546, a576, a595, a609, a973, 
a979,a1087,a1086 
Environmental interpretation: These rudist microfacies represent protected or sheltered 
inner "internal" platform sediments deposited in relatively low energy shallow 
infralittoral, occasionally mediolittoral, lagoons/ mud flats that experienced frequent 
periods of subaerial exposure and episodes of restricted marine circulation. 
5.4.12.2 Microfacies U10b: Rudist-wackestone-packstone lagoonal sediments 
In this microfacies large rudist fragments occur in a wackestone matrix which shows 
evidence of being bioturbated (Fig. 5.29). Other accessory grain-types in the matrix may 
include coral fragments, muddy intraclasts, small Miliolidae foraminifera and small 
simple agglutinated foraminifera (Textulariidae). Bird's eye fenestrae may be preserved 
in the more micritic parts of the matrix infilled with spar and/or silt which was possibly 
deposited during subaerial exposure or by circulating vadose pore fluids. Microbial mud 
clots may be present often nucleating on rudist fragments which may have oncolitic 
coatings. Other skeletal grains may have undergone dissolution during episodes of 
subaerial exposure forming spar infilled keystone vugs. 
Examples of this microfacies include samples: s153, a556, a557, a606, a796, a795, 
a796,a797 
Environmental interpretation: These rudist microfacies represent inner "internal" 
platform sediment deposited in a very shallow marine back lagoon infralittoral-
occasionally supratidal environment that experienced periodic subaerial exposure. The 
inter-rudist poorly sorted sand matrix indicates a slightly higher energy depositional 
environment compared to microfacies UlOa. 
5.4.12.3 Microfacies 10c: Rudist lagoonal sediments with high energy grainstone-
packstone lime-sands 
In this facies large rudist fragments with micritized rims, which are very heavily 
bioeroded by endolithic algae and other boring organisms, occur within a packstone-
grainstone matrix of small Miliolidae foraminifera and simple agglutinated foraminifera 
(Textulariidae, and Charentia including Charentai cuuvillieri (NEWMAN)), peloids, 
and relatively abundant dasycladacean green algae. Small Orbitolinidae forams, 
although rare, may occasional also be present. Fragments of other large calcitic bivalves 
(oysters), and brachiopods may also be present. Fenestrae and moldic vugs formed by 
dissolution of small skeletal grains may be infilled with spar or vadose (?) silt (Figures 
5.30a,b and 5.3la,b). 
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Examples of this microfacies include samples: s158, s387, s742, a608, a610, a799, a994 
Interpretation: Theses rudist microfacies represent inner "external" platform shallow 
infralittorallagoons that experienced periodic (possibly tidal?) emergence. The diversity 
of the foraminifera assemblage is interpreted as indicating open shallow marine 
circulation whilst the more grain rich fabric indicates higher hydrodynamic energy 
conditions than existed in the other rudist subfacies. 
5.4.12.4 Microfacies U10d: Rudist fragments within a desiccated (?) mudstone 
fabric 
This microfacies consists of heavily eroded rudist bivalve fragments occurring within 
a moderately well sorted micrite rich mudstone-packstone matrix. Relatively sparse 
small foraminifera are the other main skeletal component of this facies. Other small 
skeletal fragments are preserved as moldic vugs. The muddy matrix contains 
(desiccation?) cracks and bird's eye fenestrae. Moldic vugs and cracks may be partially 
infilled with (vadose?) silt. This facies occurs as thin beds (0.1 metre thick) within 
rudist platform facies. 
Examples of this microfacies include sample: s589, s591 
Environmental interpretation: This microfacies is interpreted as representing a very 
shallow infralittoral "internal" platform depositional environment that experienced 
repeated and frequent episodes of subaerial exposure forming mud flats. Exposure may 
have occurred during episodes of restricted marine circulation related to small scale 
relative sea-level changes, or tides, and/or this microfacies may have represented slight 
topographic highs within inner platform lagoons. Within a sequence stratigraphic 
context episodes of subaerial exposure may represent low amplitude 5th-6th order 
relative sea level fluctuations. During subaerial exposure desiccation of the mudstone 
matrix occurred causing cracks, and dissolution of some skeletal fragments forming 
keystone vugs. During the following flooding event rudist fragments were themselves 
reworked. 
5.4.12.5 Microfacies U10e: Rudist fragments-corals and large Orbitolinidae 
packstone 
This microfacies includes large rudist fragments occurring along with large corals, 
relatively abundant large Orbitolinidae (including Parorbitolina sp.) and green 
dasycladacean algae in a micritic to grainstone matrix. The grainstone-packstone 
fraction may contain peloids, small crinoid and echinoderm fgagments, small types of 
foraminifera, rare ooids, gastropods and bryozoan fragments. Large complex 
agglutinated forams may also occur in this facies. Fenestrae and dissolution vugs are 
common. 
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Examples of this microfacies include: a585a, a585b 
Environmental interpretation: The high energy fauna present in this microfacies are 
unlikely to have co-inhabited the same environmental niche due to the high stress 
ecological competition would have exerted on the local environment. This microfacies 
is frequently developed along distinct bedding surfaces and may be interpreted as 
representing reworking within a former inner platform "rudist lagoonal" environment 
possibly during episodes of subaerial exposure at the top of shallowing upwards 
parasequences. As shallowing progressed large Orbitolinids (especially Parorbitolina 
sp.) whose more normal habitat was the "external" platform and foreslope along with 
dasycladacean algae indigenous to the inner "external" platform may have 
opportunistically migrated into and/or thrived within the inner platform becoming 
ascendant over less environmentally tolerant organisms. During subaerial exposure 
during the lowest point of the relative sea-level fall, dissolution of some skeletal grains 
occurred and during the following transgression various high energy deposits may be 
reworked partially infilling dissolution fenestrae. 
5.4.12.6 Microfacies: UlOf Rudist grainstone with abundant quartz and quartz 
interlaminae 
This facies is characterised by small rudists and rudist bioherms in a very fine grained 
peloidal grainstone rich in quartz. Rudist shells are often partially replaced by chert. 
Small foraminifera may be present but are relatively rare. Small bird's eye and 
dissolution fenestrae are developed. This facies occurs towards the top of the Urgonian 
Limestone Formation. (Figs 5.31c,d,e,f). It is very similar to microfacies U16g, but 
original rudist fragment mineralogy has not totally dissolved away and the peloidal-
grainstone matrix is much finer and foraminifera are more rare. It may therefore 
represent a lower energy equivalent of the microfacies U16g. Echinoid fragments are 
rare or absent. 
Examples of this microfacies include: s583, s849a 
Environmental interpretation: This microfacies assemblage is interpreted as representing 
a very shallow water inner platform intertidal (?) environment possible experiencing the 
beginning of restricted marine circulation and progressively waning current agitation 
during relative sea-level shallowing. Frequent subaerial exposure occurred marked by 
abundant detrital quartz deposition. Changes in relative sea-level fluctuations 
influencing this facies most probably reflect 5th-order cycles. This facies is the lower 
energy equivalent of microfacies U16g. 
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5.4.13 Patch reefs Ull: Corals patch reefs and associated sediments. 
Coral patch reefs occur in association with mudstone, packstone and grainstone 
sediments including, on rare occasions, Orbitolinidae foraminifera microfacies U13. 
Cracks in corals may be infilled with vadose silt. Corals may have undergone 
dissolution and replacement by fine grained dedolomite e.g. sample a771. Inter-reef 
lagoonal sediments may be volumetrically much greater than the bioherms of patch reef 
building organisms. In the field traditional massive coral reefs onlapped by thinly 
bedded geometries are not developed. Bedding remains predominantly planar. Patch 
reefs therefore appear to have had relatively low relief. Coral patch reefs first appear 
towards the base of the Urgonian Platform sensu /ato stratigrapically below rudist 
facies proper. Although in some instances they may occur with rudists within the inner 
platform they become progressively less significant up the stratigraphic succession as 
rudist bivalves became dominant in the inner platform environment. 
5.4.13.1 Microfacies Ulla: Coral patch reefs in high energy grainstone-sandy 
lagoons 
Many patch reefs occur in association with relatively fine to very fine bimodally to 
well sorted grainstones. The finer grained fraction is dominated by peloids, sparse small 
types of foraminifera (Miliolidae and small simple agglutinated Textularidae ), bivalve 
casts and echinoderm fragments. The few coarser skeletal grains present may typically 
include large echinoderm plates or heavily bioeroded rudist fragments and gastropods. 
Skeletal fragments have frequently undergone dissolution and may be preserved by 
micritic envelopes (in grainstone fabrics) or as keystone porosity (in micritic fabrics) 
infilled with spar or fme grained dedolomitic silt. More rarely a few Trocholina forams 
may also be present (Figure 5.33). 
Examples of this microfacies include samples: sl54, s156, s564, s739, s740a, s740b, 
a790,a960,a965, al088b,a1092,a1095,al096,a981b 
Environmental interpretation: Relative "open" marine inner external platform coral 
patch reefs in a high energy intertidal shoaling lime-sand lagoonal environment within 
active wave base. In most cases the relative paucity in foraminifera and relative 
restricted fauna in this microfacies is a direct result of ecological competition with coral 
reefs forming an oligotrophic environment. The dominantly fme grained nature of the 
matrix reflects high energy sorting. 
5.4.13.2 Microfacies Ullb: Scleractinian and colonial corals in wackestone lagoons 
In this microfacies corals occur within a dominantly micrite rich wackestone matrix. 
All skeletal fragments and hash associated within this microfacies have undergone 
dissolution and are preserved as spar infilled keystone vugs in the micritic fraction. 
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Large echinoderm fragments indicating open marine circulation and the relatively rare 
small foraminifera are present. Lots of replacive dedolomite rhombs may be associated 
with this microfacies. (Figure 5.34) 
Examples of this microfacies include samples: s556a, s556b, s559, s560, s561, s562 
a771,a773,a778,a782 
Environmental interpretation: Relatively shallow marine inner platform coral patch reefs 
within a relatively "sheltered" low energy lagoon/ tidal mud flat that experienced 
periodic (tidal?) subaerial exposure. 
5.4.14 Microfacies U12: Orbitolinids with quartz infilled tests in grainstone-
packstones 
These microfacies include grainstones and packstones containing abundant large 
Orbitolinidae foraminifera that make up between 20 to 100% of the rock composition. 
In some instances the high density of large Orbitolinids occurring together makes it 
possible to distinguish this microfacies at hand specimen scale (Fig. 5.36a). 
Palorbitolina may be particularly abundant in these microfacies. In these microfacies 
the internal tests of Orbitolinidae foraminifera are usually infilled with quartz reflecting 
their reworking during marine transgression. These deposits may develop across the 
whole platform in both inner and outer platform environments. Orbitolinid dominated 
microfacies are particularly important in defining the Lower Orbitolinidae and Upper 
Orbitolinidae Horizon identified by Arnaud et al. 1987 which are interpreted as marking 
the stratigraphic base of two separate major marine transgressions. Three Orbitolinid 
grainstone-packstone subfacies have been differentiated: U12a, U12b, and U12c. 
5.4.14.1 Microfacies U12a: Orbitolinidae grainstone with accessory grain-types 
This relatively coarse poorly sorted grainstone microfacies (average grain size 2 mm) 
is dominated by large types of benthonic Orbitolinidae foraminifera (comprising 
approximately 20% by volume of rock) and peloids. Accessory grain types may include 
large coral fragments and echinoderm, as well as intraclasts and relatively sparse small 
Miliolidae foraminifera. Large complex agglutinated foraminifera may be present. 
Meniscus, drip spar and dissolution fenestrae may be developed indicating periods of 
phreatic and vadose meteoric groundwater conditions during platform exposure (Figure 
5.35). 
Examples of this microfacies include samples: s471, a1088c 
Environmental interpretation: Shallow-water marine moderately high energy 
microfacies, sometimes associated with patch reefs lagoons 
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5.4.14.2 Microfacies U12b: "Unimodal" Orbitolinidae grainstone 
This microfacies is almost exclusively composed of large Orbitolinidae foraminifera. 
Rare echinoderm plates and large complex agglutinated foraminifera may also be 
present. Quartz usually infills the test of the Orbitolinid foraminifera interpreted as 
indicating that they are reworked. Contacts between individual Orbitolinids with one 
another are marked by stylolitic pressure dissolution. Spar includes syntaxial burial 
overgrowths of echinoderms and non-isopachous equant meniscus cements that line the 
rims of Orbitolinids and are interpreted as being meteoric phreatic in origin. 
Orbitolinidae grainstone microfacies are often overlain by (and sometimes also overlie) 
a coarse grained (reworked?) fauna including ammonites, corals, sponges, and large 
calcitic bivalves (oysters) (see microfacies U23 and U24). (Figures 5.36a,b). 
Examples of this microfacies include samples: s477 
Environmental interpretation: This microfacies represents the domination of 
Orbitolinids foraminifera in the inner external (and penecontemporaneously the inner 
internal) platform environment during a period of major sea-level shallowing that 
culminated in the subaerial exposure of the platform, prior to renewed marine 
transgression. 
5.4.14.3 Microfacies U12c: Orbitolinidae packstone with abundant dasycladacean 
green algae 
Large Orbitolinidae foraminifera composing approximately 20% of the rock within a 
poorly sorted muddy packstone matrix rich in green algae characterise this microfacies 
(Fig. 5.37a). Internal tests of Orbitolinids contain quartz. Other grain-types include 
peloids, bivalve fragments (hash), small Miliolidae foraminifera, heavily eroded rudist 
fragments with micritic envelopes, large complex agglutinated foraminifera and ooids. 
Fenestrae may be developed. Orbitolinidae packstone microfacies may occur as 
relatively thin, repetitive beds approximately 1 metre apart, separated by grainstones 
which may themselves also preserve internal evidence of episodes of meteoric 
diagenesis such as meniscus spars indicating emergence (Fig 5.37b ). 
Examples of this microfacies include samples: s597,s610, a612 
Environmental interpretation: This microfacies represents the colonisation of the 
relatively shallow-water inner platform by Orbitolinidae forams during marine 
transgression and marks the base of the API transgressive sequence (Lower Orbitolinid 
Horizon) (Arnaud-Vanneau and Arnaud 1991). This microfacies may also represent the 
linings of incised valley infills at the base of the AP2 transgressive sequence (Upper 
Orbitolinid Horizon) (Arnaud-Vanneau and Arnaud 1991) (see Section 3.5.6). 
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5.4.15 Microfacies U13: Bioclastic grainstone rich in Orbitolinids and 
dasycladacean green algae 
This bioclastic microfacies contains relatively abundant large Orbitolinidae 
foraminifera. However, the Orbitolinids are distinct from those in microfacies U12 in so 
much that they are not in:filled with detrital quartz. Bioclasts in this facies show 
considerable diversity and include rudist fragments and bivalve skeletal hash. Coarse 
well rounded bioclastic grains include coral fragments, gastropods, bryozoans, 
echinoderms, intraclasts and ooids. Dasycladacean green algae and large benthic 
Orbitolinids may be relatively abundant in this microfacies but other types of 
foraminifera are very rare. Large complex agglutinated foraminifera may be present 
(Fig. 5.38a). Dissolution fenestrae may be partially in:filled with vadose silt, and drip 
spar is preserved (Fig. 5.38b). 
This facies has many similarities to U6 but can be differentiated as a separate 
microfacies by the relative abundance of Orbitolinids and green algae. 
Examples of this microfacies include samples: s494 
Environmental interpretation: High energy shallow marine platform/ramp margm 
intertidal beach deposits (broadly similar to microfacies U6). 
5.4.16 Microfacies U14: Peloidal grainstone-packstone with fenestrae 
This facies is represented by moderately to poor sorted peloidal medium grained 
(average grain size 0.5mm) grainstone-packstones with fenestrae. The principle grain-
types present are peloids, benthic Orbitolinidae foraminifera and small simple 
agglutinated (Textulariidae) and Miliolidae foraminifera and heavily bioeroded rudist 
bivalve fragments. Accessory grains may include neomorphosed bivalves, large 
microbial mud clots, intraclasts, silt, echinoderm fragments. Miliolidae forams include 
Nummoloculina sp (indicating inner platform environment); and Trocholina 
foraminifera may also be present (indicating a higher energy platform margin 
environment) (Fig. 5.39). In the more micritic parts of the microfacies spar in:filled 
moldic vugs formed by grain dissolution may be preserved. 
Examples of this microfacies include samples: al 089 
Environmental interpretation: Moderately high energy intertidal inner platform sand 
shoal that experienced periods of exposure related to tidal action. 
5.4.17 Microfacies U15: These microfacies are characterised by mudstone-wackestones 
with relatively sparse and low diversity biogenic fauna. Bird's eye fenestrae are also a 
feature of these subfacies. Two generic microfacies are differentiated. 
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5.4.17.1 Microfacies U15a: Mudstone-wackestone with small foraminifera 
A dominantly micritic microfacies containing a sparse fauna of small simple 
agglutinated and small Miliolidae foraminifera. Small Orbitolinidae foraminifera 
typically of Valdanchella cf miliani type may also be present in very low numbers (Fig. 
5.40a). Other grain-types present include peloids, small gastropods, and very rare coral 
and echinoderm fragments which tend to be concentrated in burrow infills. Speckled 
dolomite may also be present. This microfacies may contain birds-eye fenestrae and 
keystone vugs partially infilled with spar\vadose silt, or other diagenetic indications of 
periodic subaerial exposure (Fig. 5.40b). 
Examples of this microfacies include samples: s159, s386, s563, s470a, s480, s495, 
a607,a975 
Environmental interpretation: Very low energy sheltered back lagoon mud flat 
environment experiencing subaerial exposure. The paucity of echinoderms may indicate 
periods of restricted marine circulation. 
5.14.17.2 Microfacies U15b: Mudstone-wackestones with bird's eye fenestrae, 
abundant dasycladacean green algae and angular rudist debris 
This microfacies is dominated by micrite. Green dasycladacean algae are relatively 
abundant as are small Miliolidae and Pseudotricolina foraminifera. Angular rudist 
fragments are present. Rare gastropods are preserved as moldic vugs in the micritic 
matrix, which along with bird's eye fenestrae may be partially infilled with meteoric-
vadose silt. Relatively rare small echinoderms plates may be present. 
Examples of this facies include samples: a614, a972, a973, a972 
Environmental interpretation: These facies are interpreted as very shallow possibly 
restricted marine infralittoral (occasional supratidal) inner internal platform inter-rudist 
low energy muddy lagoons/ mud flats deposits which occur spatially and 
stratigraphically between rudist facies proper or bioherms described by microfacies 
Ul Oa. Rudist bivalve fragments in this facies represent bioclastic debris formed and 
transported by storms or tides, or alternatively rudists fragments that have been 
reworked following subaerial exposure and transported into lower energy environments 
during marine reflooding of the inner platform possibly related to cycles of relative sea-
level fluctuation. 
5.4.18 Microfacies U16: These facies are dominated by the modal abundance of peloids 
in grainstones and packstone fabrics. They represent inner platform deposits that 
progressively shallow from relatively coarse high energy intertidal sands and inner 
platform sand shoals with bird's eye fenestrae keystone vugs to moderately low energy 
restricted marine circulation deposits that experience increasingly frequent periods of 
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exposure and detrital quartz input as a major marine regression terminated Urgonian 
limestone deposition. Rudist bivalve fragments may be present but have been reworked 
from their original depositional environments and have frequently undergone pervasive 
dissolution. 
5.4.18.1 Microfacies U16a: Peloidal-foraminiferal grainstone with neomorphosed 
rudist fragments and keystone vugs 
This microfacies are characterised by moderately-poorly sorted medium-coarse 
grainstones dominated by peloids, small Miliolidae and Textularidae foraminifera, and 
green dasycladacean algae. Small Orbitolinidae forams typically of Paracoskinloina cf 
hispanica (PEYBERNES) type, whose usual habitat is found in the inner platform, are 
also be present. Rare Trocholina may also be present. Micritic mud clots and micritic 
intraclasts may occur in this microfacies. Bird's eye and dissolution fenestra, often 
marked with micritic outlines, are present (Fig. 5.41 b). Small highly bioeroded rudist 
fragments, some of which have undergone total replacement of the original internal 
mineralogy by dissolution during exposure, can be identified using their cross-sectional 
shell morphology preserved by micritic envelopes (Fig. 5.41a). Dripstone spar present. 
Examples of this microfacies include samples: s497, s565, s583, XH, a615, a620, a621, 
a978,a981,a985,a995a 
Environmental interpretation: Very shallow water high energy possibly wave dominated 
intertidal internal platform shoaling beach sands experiencing periodic exposure. 
5.4.18.2 Microfacies U16b: Peloidal-foraminiferal packstone with neomorphosed 
rudist fragments and keystone vugs 
This microfacies is very similar to that described above in terms of its compositional, 
but is less well sorted and contains abundant silt and micrite. 
Examples of this microfacies include samples: s499, s599, 604, XG 
Interpretation: A relatively lower energy (compared to microfacies U16a, but still 
overall moderately high) moderately to poorly sorted very shallow inner platform beach 
sand. This microfacies may represent the transition from Ul7a during waning 
hydrodynamic energy as shallowing progresses during a 5th-order relative sea-level 
cycle. 
5.4.18.3 Microfacies U16c: Peloidal packstone-grainstone with small rudist 
fragments 
This subfacies is dominated by fme moderately well sorted peloids in a silty 
packstone-grainstone matrix. Small foraminifera of similar types to those described 
above, although present, are less abundant in this subfacies. Small rudist fragments 
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which have thick micitized envelopes and may have their external shell mineralogy 
preserved also characterise this subfacies. Any other skeletal grains present have 
undergone dissolution. A very small amount of quartz (<1 %) may be present. Very rare 
echinoderm plates and dasycladacean green algae may also be present. Small 
Orbitolinids are exceedingly rare. 
Examples of this facies include samples: s605, a616, a617, a983, a991, a995b 
Environmental interpretation: Very shallow inner platform sand. There is little evidence 
for any current agitation but the sparse presence of echinoderm plates suggests the outer 
limit of continued open marine circulation. 
5.4.18.4 Microfacies U16d: Peloidal packstone-grainstone with small oyster 
fragments 
This subfacies has a moderately well sorted fine to medium grained peloidal silty 
packstone-grainstone matrix. However, rudist fragments are rare or absent from this 
subfacies being replaced in importance by small fragments of impunctate brachiopods 
and calcitic bivalves interpreted as oysters with thin micritic envelopes. A sparse 
foraminifera assemblage similar in composition to that described above is present with 
the addition of a very few large complex agglutinated foraminifera (Litoculaceau). 
Dasycladacean algae are present in very small numbers. Echinoderms are rare. Small 
amounts of quartz and dolomite may be present in this subfacies (typically less than 
1%). 
Examples ofthis facies include samples: s607, s598, a992, a622 
Environmental interpretation: Very shallow open marine inner platform depositional 
environment. The presence of brachiopods is interpreted as indicating continued open 
marine conditions. 
5.4.18.5 Microfacies U16e: Very fine and well sorted peloidal packstone 
This facies is dominated by the presence of uniformly very fine and well sorted 
peloids. Rudist fragments are more rare or absent. A sparse foraminifera assemblage 
with a similar composition to that described for microfacies U16a is present. A small 
amount of quartz and speckled dolomite is present. Echinoderms are rare. 
Examples of this microfacies include samples: s608, a624a, a624b 
Environmental interpretation: This facies represents very shallow high energy 
infralittoral inner internal platform environment that experienced hydrodynamism and is 
interpreted as possibly representing a lime sand shoal. 
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5.4.18.6 Microfacies U16f: Fine peloidal grainstone with relatively abundant green 
algae 
This facies is dominated by fine peloids and small foraminifera in a grainstone 
matrix. It is distinguished from the other peloidal subfacies by a volumetrically small 
but comparatively significant amount of green dasycladacean algae. The composition of 
the foraminiferal assemblage present in this subfacies is similar to that described for 
microfacies U16a and additionally may include sparse large types of Orbitolinidae 
foraminifera (e.g. typically Paracoskinolina cuvillieri (FOURY)). Echinoderms are rare. 
Examples of this microfacies include samples: s611, s614 
Environmental interpretation: Shallow moderate high energy infralittoral "external" 
inner platform lagoonal deposits 
5.4.18.8 Microfacies U16g: Peloidal-foraminiferal grainstone with neomorphosed 
rudist fragments and quartz 
This microfacies is similar to microfacies U16a but contains a significant content of 
rounded detrital quartz grains (Fig. 5.42). 
Examples of this microfacies include: A163 
Environmental interpretation: Very shallow water high energy inner external platform 
sand shoal experiencing increased detrital input reflecting relative sea-level· falls 
possibly related to 5th-order cycles. This facies frequently precedes microfacies UlOf. 
5.4.18.8 Microfacies U16h: Very fine well sorted peloidal grainstone with quartz 
and glauconite 
This facies is volumetrically dominated by vezy small peloids. It is distinguished from 
the other peloidal microfacies by the following features: The presence of a great deal of 
detrital guartz (up to 20%). Pyrite and glauconite are also present (<1 %). Keystone vugs 
and fenestrae infilled with spar may be developed. A low number of ostracods may be 
present. Green dasycladacean algae are present as may be small rudists or rudist 
fragments. Like the other U16 subfacies a sparse assemblage of small foraminifera is 
present, although echinoderm fragments are vezy rare. 
Examples of this microfacies include samples: s624b , s625A 
Environmental interpretation: This facies is found near the top of the Urgonian 
succession and is interpreted as a very shallow inner "internal" platform lagoonal facies 
experiencing occasional subaerial exposure probably related to 5th-order sea-level 
cycles as the period of Urgonian limestone deposition approached its final phase. The 
presence of ostracods, and rarity of echinoderm fragments, suggests the beginning of 
hypasaline conditions reflecting confined circulation. 
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5.4.19 Microfacies U17: Peloidal grainstone--packstone with abundant calcitic 
bivalves 
This medium-coarse grainstone-packstone facies is dominated by peloids, calcitic 
bivalves, small rudist fragments, small Orbitolinidae and Miliolidae foraminifera. 
Gastropods may also be present. Compacted peloids may be difficult to differentiate 
from the micrite matrix. Alignment of long axis of skeletal grains revealed only by 
microscopic examination may be a compaction feature or indicate moderate 
hydrodynamism. 
Examples of this microfacies include sample: al 093 
Environmental interpretation: Moderate to high energy shallow marine infralittoral inner 
"external" platform inter-rudist lagoon sediments. 
5.4.20 Microfacies U18: Foraminiferal-packstone with dasycladacean green algae 
and vadose silt 
This fine grained packstone microfacies is dominated by small Miliolidae and small 
simple agglutinated foraminifera (Textulariidae, Charentia). Dasclaydacean green algae 
are abundant in this microfacies. Other skeletal grains include small rudist and oyster 
fragments. Dissolution fenestrae are developed as is abundant (vadose?) silt. 
Examples of this microfacies include sample: s158 
Environmental interpretation: Very shallow marine, comparatively low energy inner 
platform lagoonal environment experiencing occasional emergence. 
5.4.21 Microfacies U19: These facies are characterised by coarse cross-laminated and 
cross bedded grainstones. Two generic subfacies are differentiated. 
5.4.21.1 Microfacies U19a: Coarse well sorted cross-laminated grainstone 
A relatively coarse well sorted grainstone microfacies. Grain sizes alternates between 
being relatively coarse (average grain size lmm) to fine (0.5mm) within well sorted 
laminae approximately 5mm thick (Fig. 5.43a). This cross-lamination can also be 
distinguished in outcrop. The long axies of skeletal grains are parallel aligned. The finer 
fraction is dominated by peloids, echinoderms (which frequently have syntaxial 
overgrowths) and small types of Miliolidae, Textularidae and Orbitolinidae 
foraminifera. The coarser fraction includes abundant bryozoan fragments, 
neomorphosed bivalves, calcitic bivalve fragments, rounded intraclasts, and more rarely 
a very few ooids, dasyc/adacean green algae and rare coral fragments (Fig. 5.43b ). All 
skeletal grains have micritized rims. Overall this microfacies usually coarsens and 
shallows upwards. This microfacies is frequently developed following microfacies U3 
deposition with which it may have a gradational "boundary". 
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Examples ofthis microfacies include samples: s44, s45, s46, s543, s545, s551 
Environmental interpretation: This microfacies is interpreted as a shallow infralittoral 
(and shallowing upwards) outer platform tidal agitated sand deposit that experienced 
waxing and waning current strength. The coarser fraction, with its greater shallow water 
faunal diversity, may represent an increase in sediment input to this depositional 
environment from the inner platform margin during ebb-tides. 
5.4.21.2 Microfacies U19b: Coarse well sorted cross-laminated grainstone 
Similar in composition to microfacies U19a but with drip spar developed. 
Examples of this microfacies include samples: s542, s544 
Environmental interpretation: Intertidal outer platform/ramp shoaling sand. This 
subfacies possibly represents the cyclic subaerial exposure of sand banks by tides and/or 
intermittent subaerial exposure by 5th-6th order relative sea-level changes. 
5.4.22 Microfacies U20: Poorly sorted wackestone-packstone with pyritized grains 
A poorly sorted wackestone-packstone microfacies dominated by micrite with the 
main skeletal grains being small calcitic bivalve fragments and/or impunctate 
brachiopods, neomorphosed bivalves and skeletal hash (Fig. 5.44). Other grains may 
include small gastropods, sponge spicules and fragmented worm tubes. Occasionally 
Trocholina foraminifera may be present. On rare occasions cracks and fenestrae may 
occur in the micritic fraction of the matrix. Internal camera of gastropods may be 
infilled with pyritic or low calcite mud which differs from that of the matrix possibly 
reflecting grain reworking from their original habitat. Pyritization of grains is relatively 
common. 
Examples of this microfacies include samples: s51, s54 
Environmental interpretation: High energy infralittoral normal manne (indicate by 
presence of brachiopods) platform lagoonal deposits. 
5.4.23 Microfacies U21: Poorly sorted intraclastic grainstone-packstone 
This microfacies is dominated by large rounded intraclasts (Fig. 4.18h) of biopelsparites 
and biopelmicrites containing detrital quartz (Fig. 5.45). Overall grain sorting is poor. 
Other significant grains include relatively large dasycladacean green algae medium 
sized Orbitolinids, large complex agglutinated foraminifera (often with their internal 
camera infilled with silt suggesting reworking), bryozoan fragments, neomorphosed and 
calcitic bivalve fragments, large echinoderms with syntaxial overgrowths, gastropods, 
small peloids and very small types of foraminifera. Some silt and a very few rounded 
detrital quartz grains may be present in the matrix. Some grains may be pyritized whilst 
skeletal grains may be partially silicified. 
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Examples of this microfacies include sample: s126 
Environmental interpretation: This microfacies is dominated by well rounded intraclasts 
indicating sediment reworking in a high energy shallow-water beach environment 
possibly at the transition between upper foreslope/ inner platform or shallow mid-ramp. 
This facies may represent platform storm deposits or transgressive intertidal reworking 
of previously subaerially exposed inner and outer platform debris sediments. This is 
suggested by the relative abundance of quartz within the intraclasts and the presence of 
green dasycladacean algae. 
Microfacies U22: These microfacies are dominated by uniformly well sorted 
grainstones dominated by peloids, skeletal hash, ooids and calcispheres. Calcispheres 
are interpreted as indicating the presence of green algae that differentiates these facies 
from microfacies U7. 
5.4.23.1 Microfacies U22a: Fine grained forampelbiosparite with rare small ooids 
and calcispheres 
This microfacies is composed of fine to very fine grained moderately well sorted 
packstone- grainstone. The bulk of this microfacies is composed of abundant vezy small 
foraminifera, dominantly Glomospira, Pseudotriloculina and Miliolidae (although a few 
very small Textullariidae may also be present) and peloids. Other relatively common 
grains include small bivalve and brachiopod fragments and small echinoid fragments. 
Rare large Orbitolinid forams may also be present. However, the most important 
defining feature for defining this assemblage as a separate microfacies are the presence 
of a number of "genuine" small calcispheres and associated green algae and a small 
number of fine ooid grains. Other possible evidence of subaerial exposure may also be 
developed including fenestrae (Figure 5.46). 
Examples of this microfacies include samples: s28, s124, s125, a457a, a457d, a458, 
a460,a549 
Environmental interpretation: Relative shallow marine moderate-high energy inner 
external platform lagoonal environment. 
5.4.23.2 Microfacies U22b: Coarse iron stained oolitic-peloidal grainstones with 
abundant dasycladacean green algae 
This microfacies varies form moderately to well sorted and is compositionally 
dominated by peloids, neomorphosed bivalve casts, Miliolidae foraminifera, ooids, 
dasycladacean algae and echinoderms. Iron staining of the oolitic coatings are very 
common. Rounded bryozoans and coral fragments are also present in variable amounts 
as may be Trocholina foraminifera. 
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Examples of this microfacies include: a456 a457, a458, a549, a460 
Environmental interpretation: This microfacies often occurs stratigraphically above 
dolomitized beds, with the boundary between them displaying a slight topography (up to 
20 em), interpreted as subaerial exposure erosion surfaces and may represent a relatively 
high energy inner platform deposition associated with marine transgression reflooding 
the inner platform following platform emersion. 
5.4.23.3 Microfacies U22c: Very coarse oolitic grainstone with associated high 
energy bioclastic fauna 
This moderately to poorly sorted grainstone facies is dominated by large peloids, 
bivalve casts, ooids and echinoderms. Other grain-types present include well rounded 
coral and bryozoan fragments, oysters (and/or brachiopods), green dasycladacean algae 
small Miliolidae foraminifera and Trocholina. 
Examples of this microfacies include samples: a602a, 602b 
Environmental interpretation: This microfacies occurs as relatively thin horizons within 
inner platform rudist lagoonal deposits and is interpreted as a storm deposit washing_ 
ooids and other high energy fauna such as Trocholina and corals from the outer edge of 
the platform into the internal platform. Where they occur at well defmed bedding 
surfaces they may represent transgressive deposits flooding the platform in response to 
relative sea-level fluctuations. 
5.4.24 Microfacies U23: Very coarse skeletal debris with moldic vugs in a low 
calcite mud matrix. 
In this microfacies abundant large skeletal fragments including: large foliated calcitic 
bivalves (oysters), corals fragments, ammonites, gastropods, and brachiopods, ranging 
up to 1 Ocm in size, occur within a fine grained low calcite muddy matrix. Under the 
microscope other grain-types identified including large complex agglutinated 
foraminifera, microbial mud clots, brachiopods and neomorphosed skeletal hash. Many 
oysters are heavily bored and many smaller skeletal grains, especially gastropods and 
skeletal hash, have undergone dissolution and are preserved as spar filled keystone vugs 
within the muddy matrix. Keystone vugs and dissolution fenestrae may be partially 
in:filled with vadose silt. Orbitolinidae forams are present and may contain quartz 
partially infilling their internal camera. Echinoderm fragments are very rare as are other 
small foraminifera indicating restricted marine circulation (Figure 5.47). 
Examples of this microfacies include sample: s473 
Environmental interpretation: These deposits occur stratigraphically above and below 
the Orbitolinidae bed microfacies (microfacies Ul3) in the inner platform and are 
interpreted as the reworked debris of the last inner platform lagoonal sediments 
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deposited prior to a major episode of platform exposure admixed with the sediments 
deposited during the initial stages of the following marine transgression as the platform 
was one more flooded. 
5.4.25 Microfacies U24: Peloidal packstone with abundant dasycladacean green 
algae in a low calcite-mud matrix 
A poorly sorted low calcite micrite-rich peloidal packstone microfacies which is 
dominated by Miliolidae, Textulariidae and Orbitolinidae foraminifera and green algae 
(Figs 5 .48a,b ). Orbitolinids may have quartz infilling their internal tests. Small 
gastropods and bivalves are preserved as moldic vugs partially infilled with vadose silt 
in the muddy fraction. Heavily bioeroded rudist fragments with micritized envelopes but 
the external shell mineralogy preserved are also present. Medium sized micritic 
intraclasts containing quartz, complex agglutinated foraminifera, and pyrite may be 
present as accessories. 
Examples of this microfacies include samples: s478, s479 
Environmental interpretation: This microfacies is the inner platform equivalent ofU12c. 
5.4.26 Microfacies U25: Very coarse well sorted and well rounded skeletal 
grainstone 
This microfacies is dominated by moderately to very well rounded coarse (up to 
5mm) skeletal fragments. Skeletal grains coarsen and become more rounded as traced 
upwards through the microfacies (Figs 5.49a,b). Skeletal grains have usually undergone 
total dissolution and are preserved by micritic rim envelopes only. Skeletal grains may 
originally have been gastropods, bivalves and also possibly rudists. Non neomorphosed 
rounded coral fragments are also present as are peloids, rounded intraclasts and 
echinoderms. Large Orbitolinidae and Trocholina foraminiferas may be present but 
small porcellaneous and simple agglutinated foram types are absent. Long grain axies 
are parallel orientated. Drip spar indicating periods of vadose meteoric diagenesis are 
well developed as is meniscus spar between grains. Keytone vugs may be developed. 
Examples of this microfacies include samples: a791, a793 
Environmental interpretation: These microfacies are interpreted as constant high energy 
infralittoral intertidal beach sand microfacies. 
5.4.27 Microfacies U26: These coarse grainstone high energy beach microfacies are 
characterised by the modal abundance of large microbial mud clot, intraclasts and bird's 
eye fenestrae. 
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5.4.27.1 Microfacies U26a: Microbial mud clot grainstone with drip and meniscus 
spar 
This microfacies is modally dominated by very large microbial mud clots (up to 
1 Omm in diameter) which occur in association with smaller micritic intraclasts, peloids 
and small Mi/iolidae foraminifera (Fig 5.50a). A few gastropods and neomorphosed 
skeletal grains are also present. Spectacular "cloudy" meniscus spar and equant 
columnar drip spars are developed and interpreted as vadose-marine spars formed by 
intertidal currents fluctuating through the sediment (Fig. 5.50b). Large fenestrae 
between grains are also developed. Rudist fragments may occur within the microbial 
clot intraclasts. 
Examples of this microfacies includes samples: a795 
Environmental interpretation: This microfacies is interpreted as a restricted fauna 
intertidal vadose marine inner platform wave dominated beach microfacies. 
5.4.27.2 Microfacies U26b: Microbial mud clot packstone with replacive 
dedolomite silt 
This microfacies has a similar composition to that described for U26a above and may 
contain highly bioeroded rudist fragments with thick micritized rims. However, the 
spectacular sparite cements developed in U26a are absent in this microfacies. Grain rims 
have been replaced by dedolomitic silt as is most of the matrix between individual 
grains (Fig. 5.51). The original rhombic shapes of dolomite may in places be 
distinguished. Grains that have undergone dissolution may also be partially infilled with 
dedolomitic silt. 
Examples of this microfacies include samples: a794 
Environmental interpretation: The reason for the formation of dedolomitic silt within 
this subfacies is unclear but may reflect increased duration of episodes of subaerial 
exposure possibly during relative sea-level regression that gradually left the beach facies 
stranded from marine circulation in the "inner" platform. Alternatively these beach 
deposits may represent the upper limit of the intertidal zone only connected to marine 
circulation during storm and spring tides. 
5.4.28 Microfacies U27: Bioclastic grainstone with Orbitolinids and dasycladacean 
green algae 
Moderately well sorted medium grained grainstone dominated by echinoderm 
fragments, large Orbitolinidae foraminifera, rounded micritic, coral and biopelmicrite 
intraclasts and bryozoan fragments (Fig. 5.52). Green dasclad algae, and possible 
Charophytes, are relatively common. A small amount of quartz, rare ooids small 
foraminifera and Trocholina are also present. Dripstone spar is commonly developed 
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and replacive dolomite rhombs may be present. More rarely large complex agglutinated 
foraminifera may also be present. 
Examples of this microfacies include sample: s557 
Environmental interpretation: This microfacies is similar to microfacies US and is 
interpreted as a high energy beach sand or storm deposits of the "inner" platform. 
5.4.29 Microfacies U28: These coarse well sorted high energy grainstone microfacies 
are characterised by the presence of reworked rudist fragments. 
5.4.29.1 Microfacies U28a: Coarse peloidal grainstone with echinoderms and 
rounded rudist fragments 
This microfacies is volumetrically dominated by moderately well sorted coarse 
peloids and echinoderm fragments. The presence of other important grain-types that 
define this facies included well rounded rudist fragments that show !1Q. evidence of 
bioerosion around their rims. Other grains-types present include rounded neomorphosed 
bivalve and coral fragments. Small Miliolidae foraminifera are also present. 
Examples of this microfacies include: s449 
Environmental interpretation: This microfacies is interpreted as an infralittoral high 
energy constantly hydrodynamically agitated platform margin/shallow ramp sand shoal. 
5.4.29.2 Microfacies U28b: Coarse poorly sorted grainstone with bioeroded rudist 
fragments 
This facies is composed of a coarse poorly sorted well rounded grainstones 
composed of large peloids (which may be micritized skeletal grain) bivalve casts, 
heavily bioeroded rudist fragments, and relatively rare echinoderm fragments with 
micritic envelopes (Fig. 5.53). All grains in this subfacies have heavily bioeroded rims 
and micritic coatings which are distinct from oolitic coatings. 
Examples of this microfacies includes sample: a599a 
Environmental interpretation: Bioerosion of grains suggests the presence of endolithic 
algae that is usually concentrated on the inner platform. This microfacies normally 
occurs along discreet bedding surfaces above inner platform rudist facies and is 
interpreted as representing high energy reworking of inner platform deposits by either 
storms or during a fifth-order relative sea-level transgression. 
5.4.30 Microfacies U29: Very coarse grained brachiopod-bivalve-peloidal 
packstones-grainstones 
The main constituents of this facies are large fragments of impunctate and punctate 
brachiopods with their calcitic shell preserved, neomorphosed bivalve casts and large 
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peloids /micritic intraclasts. Brachiopods can be positively identified by their internal 
punctae although where these are not developed it is possible that some oysters could 
also be present. Less abundant, pervasively neomorphosed rudist fragments may also be 
present. A very few ooids may also occur in this facies. This facies may coarsen 
upwards as a sedimentary unit. (Figure 5.54) 
Examples ofthis facies include samples: a581, a582 
Environmental interpretation: This coarse grained facies is interpreted as reflecting a 
very high energy open marine environment possibly deposited during storms on the 
inner platform. It is a relatively uncommon facies assemblage within the Urgonian 
Platform. 
5.4.31 Microfacies U30 to U34: All these microfacies are especially rich in pyritized 
grains or pyritic mud suggesting a relatively deep low energy circalittoral to bathyal 
outer platform foreslope hemipelagic depositional environment. 
5.4.32 Microfacies U30: These hemipelagic outer foreslope microfacies are 
characterised by their high modal abundance of pyritic mud which differentiate them 
from microfacies U2 and U3. 
5.4.32.1 Microfacies U30a: Very fine grained quartz rich spiculate pyritic 
wackestones-packstones 
This facies is composed of very quartz rich wackestones-packstones whose other 
primary components are sponge spicules, which are often silicified, calcispheres and 
peloids in a pyritic stained mud matrix (Fig 5.55). Other grains present may include a 
sparse fauna of small often pyritized foraminifera (Miliolidae and Textulariidae ), and 
small Echinoderm fragments may also be present. This facies may coarsens upwards as 
a sedimentary unit and echinoderms become volumetrically more significant. This 
microfacies is similar to subfacies U2c but is generically differentiated by its pyritic 
mud matrix and the high level of silicification of skeletal grains. 
Examples of this microfacies include samples: s400, s675, s676 
Environmental interpretation: These facies are interpreted as representing relatively 
deep water hemipelagic low energy circalittoral outer platform foreslope deposits. 
5.4.32.2 Microfacies U30b: Fine grained echinoid-peloidal-spiculate pyritic 
wackestones-packstone 
This facies is slightly coarser than microfacies U30a, with a lower percentage of 
quartz and a higher percentage of echinoderm fragments. This subfacies occurs as thin 
cyclical interbeds within subfacies U30a. The facies is dominated by peloids and 
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echinoderms. Other grains present may include Nummulities type foraminifera, 
brachiopod fragments, small foraminifera, bryozoan fragments, small gastropods and 
pyritized grains (Fig. 5.56). 
Examples of this microfacies include samples: s678, s679 
Environmental interpretation: As above but representing periods of comparatively slight 
shallower water deposition. The presence of higher energy grain-types may indicate that 
these interbeds may represent reworking of inner platform allocl.lems by mass flows 
originating from further up the outer foreslope/ramp. Reworking of relatively higher 
energy allochems may have been triggered by storms. 
5.4.33 Microfacies U31: Coarse poorly sorted pyritic packstone 
This facies is poorly sorted with a bimodal grain size distribution. The large grain size 
fraction includes Orbitolinidae foraminifera, brachiopods, Inoceramus shell fragments, 
well rounded intraclasts, bivalve casts, bryozoans, large complex agglutinated 
foraminifera and round echinoderm ossicles. The finer fraction includes small, often 
pyritized, Miliolidae and Textulariidae foraminifera, small echinoderm fragments, 
peloids, gastropods, and a small amount of well rounded detrital quartz. Trocholina 
foraminifera are also present. This microfacies is similar to microfacies U3g but has a 
much higher pyrite and pyritic mud content. 
Examples of this facies include samples: s680, s681 
Environmental interpretation: This microfacies is interpreted as slightly shallower than 
U30a and U30b and/or may include mass flow deposits representing the transfer of high 
energy platform margin sediment to the outer platform foreslope. This is indicated by 
the poor sorting and the presence of typical high energy platform margin fauna, most 
notably Trocholina and Orbitolinidae foraminifera, mixed with otherwise pyritic outer 
platform circalittoral-hemipelagic slope sediments. This microfacies can be correlated to 
microfacies U3g. 
5.4.34 Microfacies U32: These deep water outer platform foreslope deposits may be 
differentiated from the echinoderm-peloid packstones described by microfacies U3 by 
their higher pyrite content. 
5.4.34.1 Microfacies U32a: Fine moderately well sorted pyritic echinoderm-peloid 
wackestone-packstone 
This facies is composed predominantly of pyritic mud, echinoderms, peloids and 
small foraminifera including Miliolidae and Glomospira. Small bivalve fragments, 
small Orbitolinids and a small amount of quartz may also be present. This facies is 
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differentiated from microfacies U3 because of its pyritic micrite matrix and the absence 
of green dasycladacean algae. 
Examples of this facies include: s682 
Environmental interpretation: Low energy circalittoral relatively deep marine 
hemipelagic outer platform forslope depositional environment. 
5.4.34.2 Microfacies U32b: Pyritic echinoderm-peloid wackestone-packstone with 
ooids 
These sub facies occur as coarser interbeds within U31 a, approximately 1 metre thick. 
They are differentiated as a separate subfacies by their comparatively coarser grain size 
and the presence of small ooids, bryozoan and worm tube fragments, Trocholina 
foraminifera and smaller types of Orbitolinidae foraminifera. 
Examples of this subfacies includes samples: s683, s685 
Environmental interpretation: These beds composed of hemipelagic outer foreslope 
deposits and higher energy shallower allochems are interpreted as mass flow deposits 
derived from the platform margin, possibly triggered by storm action. 
5.4.35 Microfacies U33: Very fme pyritic wackestone-packstone with ,~f"~c".L(j~· 
This microfacies is composed of a micritic matrix containing abundant fme 
"calcispheres", fme neomorphosed skeletal hash and peloids as the most volumetrically 
significant grains. Small mainly porcellaneous foraminifera and echinoderm fragments 
are also present. Most environmentally significant are the presence of small ooids, small 
OrbitolinidaeoJ\J. ~rUWl al().u.. . -·· 
Examples of this microfacies include samples: s684 
Environmental interpretation: This facies is interpreted as representing a calciturbidite 
deposit in the relatively deep outer platform foreslope. The shallow high energy marine 
grain-types · · in these deposits indicates a mixed 
p., .... o'bl~ 
sediment source for these gravity flow deposits.jCharophytes from non-marine lagoons 
formed in depressions in the inner platform formed during a period of relative low sea-
level, and high energy intertidal sediments, where resedimented to the foreslope by mass 
flows possibly triggered by storms or seismicity. This facies indicates continued marine 
sedimentation on the outer margin foreslope penecontemporaneously with a 
predominantly subaerially exposed inner platform top where sedimentation was limited 
to non marine lagoons. Mass flows may have been triggered by storm action or during a 
transgression reflooding the inner platform. Mass flow grading as described by Bouma 
(1962) and reverse grading described by Eberli (1990) for calciturbidites are both 
absent. 
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5.4.36 Microfacies U34: Pyritic mudstone-wackestones with fine grained 
dedolomite rhombs. 
This microfacies is dominated by calcitic mud with allochems being sparse. 
Allochems present include fine grained individual dedolomite rhombs that partially 
replace calcispheres, very fine skeletal hash, echinoderm fragments and sponge 
schlerites (Fig. 5.57). Unaltered small echinoderm fragments are rare. Rare Nummulities 
type foraminifera are also present. Sparse volumetrically insignificant large rounded 
corals fragments, worm tube fragments, complex agglutinated foraminifera and 
bryozoan fragments may occur in this facies. Pyrite and pyritic staining are present. 
Quartz may also be present. 
Examples of this microfacies include samples: s119, s694, s695, s696, s705, s706 
Environmental interpretation: This micrpfacies is interpreted as representing a very low 
energy hemipelagic outer foreslope environment. This microfacies may reverses the 
shallowing upwards trend exhibited by most other microfacies. Within a sequence 
context this may represent a decrease in the rate of sediment accumulation in the outer 
platform foreslope/ramp caused by relative sea-level rise during marine transgression 
that caused the site of maximum sedimentation to backstep to the newly reflooded 
stable inner platform. This interpretation is based on the total absence of all inner and 
outer fore slope foraminifera assemblages, the presence of rare complex agglutinated 
foraminifera and deep water outer foreslope Nummulit es foraminifera, coupled with 
this microfacies position relative to other microfacies within the overall stratal 
architecture of the Urgonian platform. 
5.4.37. Microfacies U35-to U38: Although microfacies U35 to U38 are differentiated 
as separate microfacies based on the description of their constituent grains-type 
compositions and fabrics they represent a clear example of a relay ebeing characterised 
by a gradational shift in compositional interpreted as occurring in response to changes in 
depositional environment including changes in hydrodynamic agitation and progressive 
marine shallowing. There is a gradational change in the nature of microfacies U35 to 
microfacies U3 8 marked by decreasing micrite, ooid and bryozoan content, a change in 
the nature of the foraminiferal assemblages, and an increase in the evidence of subaerial 
exposure. Although microfacies U35 appear very different compositionally and modally 
from U38 (compares Fig 5.58 and 5.59) there is no discontinuity in the transition 
between these two microfacies. This is a graphic illustration of the severe limitations of 
the traditional standard microfacies descriptive approach. 
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5.4.38 Microfacies U35 Oolitic packstone with brachiopod and bryozoan fragments 
and containing rare Pfenderina foraminifera 
This medium grained packstone microfacies is characterised by the relatively high 
abundance of pseudo-brachiopods and ooids combined with the presence of bryozoans 
fragments (Fig. 5.58). Other important grains include small frequently iron stained 
Miliolid foraminifera and peloids. Pfenderina foraminifera are also present. 
Echinoderms are present and may include still articulated crinoid stems. Also present 
are sparse cordiacean green algae, quartz ( <1% ), calcispheres and ostracods. Micrite 
comprises approximately 30 percent of the matrix with spar content being less than 10 
percent. Dissolution of some skeletal grain may have occurred. 
Examples of this microfacies include sample: s62 
Environmental interpretation: This microfacies is interpreted as a moderate to high 
energy subtidal shallow water infralittoral deposit. 
5.5.39 Microfacies U36 Oolitic packstone-grainstone with brachiopods and 
bryozoan fragments vadose silt and calcitic nummulites type-foraminifera 
This medium grained packstone -grainstone microfacies is characterised by the 
presence of ooids, small bryozoan fragments and pseudo and punctate brachiopods. It is 
differentiated as from other oolitic microfacies (i.e. U35) by: its relatively lower micrite 
content (<10%) and corresponding increase in spar (approximately 30%); its 
foraminiferal assemblage which is dominated by small Textularidae and Miliolid 
foraminifera and also includes sparse small Orbitolinidae and calcitic Nummulit es type 
foraminifera; possible alignment of long grain axis; the presence of cracks partially 
infilled with vadose silt; and the presence of sparse microscopic rudist fragments. Some 
skeletal grains may have undergone dissolution. Other grain-types present include 
relatively abundant echinoderms and bivalves, and sparse codiacean green algae, 
peloids, calcispheres. 
Examples of this microfacies include samples: s63 
Environmental interpretation: This microfacies is interpreted as representing a 
moderately high energy shallow open marine infralittoral intertidal lagoonal 
environment. 
5.4.40 Microfacies U37 Moderately coarse grainstone containing brachiopods and 
bryozoan fragments and Orbitolinid foraminifera 
This moderately coarse grainstone is modally dominated by echinoderm fragments, 
peloids and rounded micritic intraclasts. Other important grain-types include bryozoan 
fragments, pseudo and punctate brachiopods, small microscopic rudist fragments and 
exceedingly sparse ooids. The foraminiferal assemblage includes both large Miliolid and 
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Textularidae types, rare calcitic Nummulites foraminifera and relatively abundant 
Orbitolinidae foraminifera. Other grains-types present include relatively sparse red 
algae, ostracods, gastropods and coral fragments. Extensive drip spar is developed. 
Examples of this microfacies include samples: slO, sl5, s31, s34,s35, s61, s89, sl36, 
s46l,s672,s673,s756,a211 
Environmental interpretation: This microfacies is interpreted as representing a high 
energy shallow subtidal infralittorallagoon environment. 
5.4.41 Microfacies U38 Fine-medium oolitic grainstone 
foraminifera 
with Trocholina 
This medium fine well sorted grainstone is dominated by small foraminifera, peloids 
well rounded intraclasts, echinoderms with bioeroded micritic rims and ooids (Fig 5.59). 
Sparse small microscopic rudist fragments may be present. The foraminifera assemblage 
is dominated by small Miliolid foraminifera although Orbitolinidae and calcitic 
foraminifera are also present. The most important foraminifera for the differentiation of 
this microfacies is the presence of relatively abundant high energy Trocholina 
foraminifera. Sparse bryozoans fragments may also be present. The ratio of spar to 
grains within this microfacies is very high with spar accounting for approximately 50% 
of the rock. Drip spar is present. 
Examples of this microfacies include sample: s66 
Environmental interpretation: This microfacies is interpreted as a very high energy 
intertidal shallow infralittorallagoon deposit. 
5.4.42 Microfacies U39: Packstones containing Jre.e.-'l .,.\j"-e.. and micritic intraclasts 
containing authigenic feldspars. 
These packstone deposits occur as thin (typically 0.5 m) repetitious white-grey 
weathered beds that weather proud from their more micritic brown weathered host 
sediments (Fig. 5.60a). They containing abundant moderately coarse neomorphosed 
skeletal hash (bivalves?), and well rounded micritic intraclasts, micrite and sparse _i 
green algae (Fig. 5.60b). Brachiopod fragments are also present. 
Small volumetrically sparse euhedral prismatic feldspar phenocrysts are present within 
the micritic matrix and in well rounded micritic intraclast (Fig. 5.60b). Large (up to 
1 Ocm diameter) silicified grains may be distinguished in the field within these deposits 
which may originally have been sponges. 
Examples of these microfacies include samples: s4, s5, sl78, s798, s799 
Environmental interpretation: These microfacies are interpreted as calciturbidite 
deposits that were transported as mass flows from non-marine lagoons, formed on the 
inner platform during a low stance of relative sea-level, to the still submerged outer 
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foreslope/ramp. The presence of authigenic feldspars, never previously described in the 
Urgonian, in this microfacies most probably represents wind born volcanic ash and may 
indicate that deposition of these calciturbidite was triggered by volcanically related 
sesmicity. Reverse grading described by Eberli (1990) in calciturbidite deposits is 
absent but large silicified grains are present. 
5.4.43 Microfacies U40: Peloidal-biodiverse cross-laminated grainstone 
This medium grained peloidal grainstone microfacies is characterised by a relatively 
high diversity of biogenic and abiogenic grain-types (Fig. 5.61). This facies is modally 
dominated by peloids, echinoderm fragments and well rounded neomorphosed bivalve 
hash. Other grains present include Miliolid, Calcitic and Orbitolinidae foraminifera, 
bryozoan fragments, gastropods, and dasycladacean green algae, intraclasts and 
relatively sparse ooids. A parallel aligned grain fabric may be present. Well developed 
drip spars are preserved. There may be some iron staining of grains .. 
Examples of this facies include samples: s1050, s1049 
Environmental interpretation: This microfacies is interpreted as representing a high 
energy intertidal infralittoral current agitated sand shoals environments. 
5.4.44 Microfacies U41: Fine grained packstone with small foraminifera and 
sponge spicules 
This fine grained packstone microfacies contains a relatively high proportion of 
micrite (approximately 30% by volume). The principle grain-types present include small 
Miliolid foraminifera, calcispheres, echinoderm fragments and very rare small types of 
Orbitolinidea foraminifera including Valdanchel/a cf miliani (SCHROEDER) (Fig. 
5.62). Neomorphosed sponge spicules are relatively common. Relatively rare gastropods 
and ooids may also be present. 
Examples of this microfacies include samples: s73, s74, s75, s173, s174, s719, s765 
Environmental interpretation: This microfacies is interpreted a moderate to low energy 
relatively shallow water subtidal lagoonal deposit. 
5.4.45 Microfacies U42: Grainstone with intraclasts containing authigenic feldspar 
This microfacies comprises a medium-coarse moderately well sorted grainstone (Fig. 
5.63). Important allochems present include peloids, well rounded neomorphosed 
skeletal hash (mainly of bivalve fragments), echinoderms, small ooids and well rounded 
micritic intraclasts containing prismatic phenocrysts of authigenic feldspar. Other grain 
present include dasycladacean green algae, Calcitic, Miliolid and Orbitolinid 
foraminifera. Drip spar is present. 
Examples of this microfacies include sample: s31 
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Environmental interpretation: This microfacies is interpreted as representing a current 
agitated intertidal infralittoral high energy shallow marine deposit. The presence of 
feldspar within this assemblage is restricted to some of the megablocks in the Aravis 
megabreccia collapse horizons. The presence of authigenic feldspar may represent the 
deposition of aeolian carried volcanic ash. Seismicity triggered by volcanic activity is 
one possible triggers for the formation of the megabreccia horizons on previously stable 
angles of slope. 
5.4.46 Microfacies U43: Quartz and glauconite rich biopelmicrite 
This microfacies is dominated by rounded detrial quartz grains in a small peloidal-
foraminifera and echinoderm fragment matrix (Fig. 5.64). Many echinoderms are 
replaced by individual euhedral dolomite rhombs. Pyritized grains and glauconite are 
also present. 
Examples of this microfacies include samples: s280 
Environmental interpretation: This microfacies occur in a thin band between the top of 
the Hauterivian basinal facies at the base of the shallow water Urgonian Platform sensu 
lata deposition proper at Pic de Jallouvre. It is interpreted as representing increased 
detrital deposition during a major episode of subaerial exposure of the platform. 
5.4.47 Microfacies U44: Calcarenites deposited in sheltered megablock-top 
topography 
These quartz dominated microfacies are confined to the inner sheltered topography of 
the tops of megablocks present in the Lower Aravis Megabreccia Horizon. (The Aravis 
Megabreccia Horizons were formed during a major catastrophic "landslide" of the semi-
lithified/lithifed sea-floor and are therefore themselves not defined by a single 
microfacies but include a range of microfacies). The major components of this 
microfacies are subangular quartz and anhedral dolomite rhombs, which on acetate 
peels are difficult to differentiate form one another*. Quartz may account modally for 
up to 90% of this microfacies. This microfacies may also contain small quantities of 
silicified sponge spicules, pyrite, echinoderm fragments and calcareous-micrite. The 
facies is highly bioturbidated by burrows and pervasive iron minerallisation stains the 
facies to a brown/red colour. 
Examples ofthese microfacies include samples: s37, s722, a1055*, a1056*, a1057* 
Environmental interpretation: These microfacies are interpreted as being deposited in 
the sheltered topography of subaerially exposed megablocks-tops which formed 
topographic highs on the sea-floor created by catastrophic gravitational instability and 
sliding. 
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5.4.48 Microfacies U45: Quartz arenites containing biopelsparite intraclasts 
horizons. (Palaeokarstic sediments) 
These facies occur as thin ( <1 0 em) horizons composed of resedimented angular 
biopelspar Urgonian limestone clasts (including microfacies U16) within a sandstone 
matrix (Fig 5.65b ). These horizons have irregular basal profiles, interpreted as 
representing a minor erosional or dissolution topography, beneath which neptunian 
dykes may penetrate downwards, and a planar upper boundary surface (Fig. 5.56a). 
These horizons occur between 10 to 20 metres below the top of the Urgonian Limestone 
Platform sensu stricto. 
Environmental interpretation: These horizons are interpreted as representing subaerial 
and reworked shallow marine limestone Urgonian platform debris deposited onto minor 
palaeokarstic surfaces formed during relatively short lived episodes of subaerial 
platform top exposure. Exposure results from relative sea-level fall most probably in 
response to cyclical fifth order relative sea-level fluctuations. 
5.4.49 Microfacies DCi: Dissolution cavity intllls 
These microfacies occur infilling dissolution cavities towards the top of the Urgonian 
Limestone Formation. Cavities may range in size from a few centimetres to several 
metres in diameter and penetrate up to 40 metres below the top of the Urgonian 
Limestone Formation. These dissolution cavity infills include glauconitic greensands 
and may contain both Urgonian and Cenomanian intraclasts. 
5.4.50 Microfacies DCil: Small dissolution cavities infilled with glauconitic 
sandstone 
Small cavities occur within the Urgonian Platform sensu stricto infilled with pyritic-
glauconitic sand and small angular Urgonian biopelsparite limestone breccia clasts (Fig. 
5.66a,b). These infilled cavities occur up to several metres below the upper boundary of 
the Urgonian Limestone Formation e.g. at Petit Bomand road section (GR. 09136 
21225) and Point du Midi (GR.09201 21202). They are infilled with quartz, glauconite, 
and pyrite. (Fig. 5.66b). 
Examples of this microfacies dissolution cavity infill include: 
Dissolution cavities are interpreted as forming during a major relative sea-level fall that 
terminated Urgonian Limestone Formation deposition and being infilled with 
glauconitic greensands during subsequent marine transgression. 
Environmental interpretation: These glauconitic sand infilled cavities are interpreted as 
dissolution cavities formed during a major relative sea-level fall that subaerially 
exposed the Urgonian Platform finally terminating Urgonian limestone deposition. 
Dissolution cavities are were subsequently infilled by Urgonian cavity collapse debris 
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and Cenomanian glauconitic greensands deposited during subsequent marine 
transgression. 
5.4.51 Microfacies DCi2: Large dissolution cavities infilled with glauconitic 
greensands and Cenomanian intraclasts. 
Large dissolution cavities several metres in diameter occur within the Urgonian 
Platform sensu stricto infilled with pyritic-glauconitic sand and Urgonian biopelsparite 
intraclasts (including microfacies U16) and Cenomanian (Nummulities) small (up to 
10cm) angular debris clasts. At Petit Bomand road section (GR.09136 212225) 
dissolution cavities occur up to 40 metres stratigraphically below the upper boundary of 
Urgonian Limestone Formation (Fig. 5.67a,b). The cavity infills are dominated by a 
admixed microfacies of quartz, reworked Cenomainian debris of low calcite clay, 
glauconite and large Nummulities-type foraminifera (Fig. 5.67b). 
Examples of this microfacies dissolution cavity infill include: 
Environmental interpretation: These glauconitic sand infilled cavities are interpreted as 
dissolution cavities formed during a major relative sea-level fall that subaerially 
exposed the Urgonian Platform finally terminating Urgonian Limestone Formation 
deposition and were subsequently infilled by Urgoinian cavity collapse debris 
Cenomanian Nummulities intraclast. 
5.4.52 Facies GS: "Upper Aptian" Glauconitic Greensands with phosphatized 
ammonites 
This facies is composed of coarse glauconitic greensands. Glauconitic Greensands 
facies may rest directly above the top of the Urgonian Platform sensu stricto 
(Barremian) platform facies e.g. in the Aravis Chain at Combe de Bella Cha (GR. 09220 
21 090). Abundant large reworked phosphatized ammonites up to 1 Ocm in size and 
phospatized burrows are concentrated at the base of this facies and readily observed in 
hand specimen (Fig. 5.68). 
Environmental interpretation: (See section 3.5.7) Phosphatic grains were formed by 
reworking of the platform-top facies during subaerial exposure of the Urgonian 
limestone platform and the subsequent marine transgression 
5.4.53 Nummulitic Sediments 
Microfacies NLl: Red algal wackestone-boundstone. 
A mud rich wackestone matrix containing abundant red algae. Other grain-types present 
include calcitic Nummulit es foraminifera, large echinoid fragments, bryozoan 
fragments, neomorphosed bivalves, calcitic bivalves (oysters) and brachiopods (Fig. 
5.69). Fenestrae infilled with spar or silt are developed within this microfacies. 
217 
Microfacies of the Urgonian Platform 
Examples of this microfacies include sample: s500 
Environmental interpretation: Very shallow marine dsepositional environment 
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Fig. 5.9 Photomicrograph illustrating microfacies H Ia: Hauteri vian mudstone-wackestone. Col des 
Aravis, sample s 123. Field of view 12 x 7mm. See text for microfacies description and environmental 
interpretation. 
Fig. 5.10 Photomicrograph illustrating microfacies H 1 b: Hauterivian mudstone-wackestone. See text for 
detailed microfacies description and interpretation. Combe de Bella Cha, sample s57l. Field of view 3 x 
2mm. 
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Fig. S.lla,b (Facing page). (a) Appearance in outcrop of u.vo thin glauconitic-pyrite-quartz-dolomite 
enriched heavily bioturbidated horizons within the Hauterivian basinal deposits described by microfacies 
HI b. Geological hammer for scale. Up to five of these horizons have identified in the Hauterivian deep 
water basin facies in this study which can be traced in Combe in the Aravis Chain from Col des Aravis to 
Combe de Tardevant and probably can be traced even further north along the Chain. They are interpreted 
as depositional hiatuses formed during periods of highest relative sea-level. They indicate that cycles of 
relative sea-level change (third-fifth order) occurred during the deposition of Hauterivian deeper water 
basinal facies creating ·depositional cycles (parasequences) as well as in the Urgonian. Combe de Ia 
Balme (b) Close up view showing the heavily bioturbidated nature of the upper horizon shown. Pyrite can 
also clearly be seen. Ten French franc coin for scale. Combe de Ia Balme . 
• 
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Fig. 5.11a 
Fig.5.11b 
Microfacies of the Urgonian Platform 
Fig. 5.12 Photomicrograph illustrating microfacies U2a: M stone wackestone with sponge spicules . See 
text for detai led microfacies description and envi ronmental interpretation . Col des Aravis, sample s862. 
Field of view 3 x 2mm. 
Fig. 5.13 Photomicrograph illustrating microfacies U2b: Poorly sorted grainstone-packstone with sponge 
spicules. See text for detailed microfacies description and environmental interpretation. Roc des Tours, 
sample s42. Field of view 6 x 4mm. 
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Fig. 5.14 Photomicrograph illustrating microfacies U2c: Wackestone-packstone with sponge spicules and 
abundant detrital quartz . See text for detailed microfacies description and environmental interpretation . 
Combe de Grand Cn!t, sample s 135. Field of view 3 x 2mm. 
Fig. 5.15 Photomicrograph illustrating microfacies U3a: Peloidal·echinoderm fragment dominated 
packstone-grainstone. See text for detai led microfacies description and environmental interpretation. Col 
de Spee, sample a204. Field of view 6 x 4. 
Microfacies of the Urgonian Platform 
Fig. 5.16 Photomicrograph illustrating microracies U3c: Cross-laminated peloidal-echinoderm fragment 
dominated packstone-grainstone. The photomicrograph highlights a coarse and fine lamina alternation. 
The finer more peloid rich lamina appears horizontally at the base of the photomicrograph with the 
coarser more echinoid rich lamina above it. See text for detailed microfacies description and 
environmental interpretation. Roc des Tours, sample s43. Field of view 6 x 4 mm. 
Fig. 5.17 Photomicrograph illustrating microfacies U3d: Peloidal-echinoderm packstone with rounded 
detrital quartz. See text for detailed microfacies description and environmental interpretation. Roc des 
Tours, sample s48. Field of view 6 x 4 mm. 
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Fig. 5.18 Photomicrograph illustrating microfacies U4 : Oolitic and bioc las tic packstone-grainstone. See 
text for detailed microfacies description and environmental interpretation. La Clusaz road section, sample 
s 143. Field of view 6 x 4mm. 
(b) 
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Fig. 5.19 Photomicrographs illustrating microfacies U6a: Coarse bioclastic grainstone. (a) Note the 
presence of Orbitolinid foraminifera (top left), complex aggluti nated foraminifera Litoculaceau (middle 
right) and the neomorphosed rudist fragment (top right). The original rudist bivalve biminerallic shell 
partition, between the inner aragonitic and outer calcitic shell , is preserved by an internal micritic 
envelope implying two separate phase of dissolution with the unstable aragonitic inner shell most likely 
undergoing dissolution before the more mineralogically stable calcite outer shell. See text for detailed 
microfacies description and environmental interpretation. La Clusaz road section, sample s 146. Field of 
view 12 x 7mm. (b) Drip spar fabric developed in microfacies US shown in (a) . Field of view 3 x 2mrn. 
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Fig. 5.20 Photomicrograph illustrating microfac ies U6b: Well sorted coarse bioclastic grainstone with 
grain alignment. Note the presence of Trocholina foraminifera (bottom right and top left) assoc iated with 
high energy conditions. See text fo r detailed microfac ies description and environmental interpretation. 
Combe de Bella Cha, sample s8 18. Field of view 12 x 7mm. 
Fig. 5.21 Photomicrograph illustrating microfacies U7b: Skeletal bivalve hash-pelo id-echinoid packstone 
with fenestrae . See text for detailed microfacies description and environmental interpretation. Pic 
Jallouvre, sample s764. Field of view 12 x 7mm. 
(a) 
(b) 
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Fig. 5.22 (a) Photomicrograph illustrating microfacies U7c: Bi valve skeletal hash-peloidal packstone with 
small ~r-<..Vt «-\.;)<A-t-· Note especially the presence of the small green algae 
(arrowed) to the right of the photomicrograph. See text fo r detailed microfacies descript ion and 
environmental interpretation. Roc des Tours , sample s57 . Field of view 6 x 4mm. (b) Photomicrograph 
illustrating microfacies U7f: Poorly sorted fine grained echinoid-peloid-skeletal hash packstone with 
ooids . Note small ooids, intaclasts and fenestrae (bottom right). Foraminifera are rare . See text for detailed 
description and environmental interpretation. Combe de Bella Cha, sample s708. Field of view 6 x 4mm. 
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Fig. 5.23 Photomicrograph illustrating microfacies U9a: Oolitic sand with (/Q.lj'l ~ Note the 
presence of large complex agglutinated foraminifera Litoculaceau (top right) and the J~Jp with 
oolitic coating beneath it to the left. See text for detailed microfacies descript ion and environmental 
interpretation. La Clusaz road section, sample al085 . Field of view 6 x 4mm. 
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(a) 
(b) 
Fig. 5.24a,b Photorllicrograph illustrating microfacies U9a: Oolitic sand with ~<uo"l a..l~ 
crack partially infilled with vadose silt (neptunian dyke). Roc des Tours, sample s50. Field of view 3 x 
2mm. (b) Note the presence of vadose silt to the bottom left of the photomicrograph (oolitic packstone) 
that is absent in the top right of the picture (oolitic grainstone). Roc des Tours, sample s49. Field of view 
6 x 4mm. 
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Fig. 5.25 Photomicrograph illustrating microfacies U9b: Poorl y sorted oolitic grainstone-packstone wi th 
(/~ ""\~. See text fo r detailed microfacies description and environmental interpretation. Pic de 
Jallouvre, sample a766. Field of view 6 x 4mm. 
(b) 
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Fig. 5.26a,b Appearance of rudist lagoo nal facies in outcrop (Urgon ian sensu srricro). (a) Relatively intact 
rudi st bivalve fragments in a very fine grained wackestone-packsto ne matrix. The original outer shell 
mineralogy is preserved and although not in life position the intact nature of the rudist shells indicates that 
they occur within their original lagoo nal sediments . A classic range of diffe rent orientated cross-sections 
through rudist bivalves can be seen. Marker pen for scale. Peti t Bornand road section (GR. 09 136 21225). 
(b) Rudist fragments in a slightly courser grained packstone matrix . Pencil for scale. Combe Verts , Aravis 
Mountain Chain (GR. 09260 21150). 
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Fig. 5.27a,b (Facing page). Appearance of rudist lagoonal facies in outcrop. (a) Small relatively intact 
rudists bivalves in a relatively coarse packstone-grainstone matrix near the top of the Urgonian limestone 
Formation. are interpreted as having been reworked. Rudists bivalves are internal infilled with calcitic 
mud and are interpreted as having been reworked. Many of the rudist shells have undergone partially 
dissolution and replacement by spar which is relatively coiTrmon towards the top the platform and is 
interpreted as having occurred during periods of subaerialy exposure. Pencil for scale. Upper most 
Urgonian Limestone succession, Montagne de sous Dine (GR. 09095 21190). (b) Thin grainstone horizon 
containing abundant reworked rudist fragments within an otherwise relatively fine grained wackestone 
matrix. This horizon may represent a storm deposit, or the reworking of rudists associated with subaerial 
exposure during a cycle of fifth order relative sea-level change. Geological hammer for scale. Petit 
Bomand road section (GR. 09136 21225). 
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Fig. 5.27a 
Fig. 5.27b 
(a) 
(b) 
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Fig. 5.28a,b Photomicrographs illustrating microfacies U I Oa: Rudist mudstone. (a) Note the internal 
mineralogy of the outer prismatic rudist shell is preserved, the presence of spar inti! led keystone vugs and 
birds eye fenestrae. See text for detailed microfacies description and environmental interpretation. Cluze 
road section, sample a868. Field of view 12 x 7 mm. (b) Stratified rudist shell sediment infill. The internal 
sediment infilling this rudist is internally stratified grading from mudstone to wackestone. This may 
indicate an increase in energy level in the rudists original depositional setting or the reworking of the 
rudist itself into a higher energy environment. In the former cas~ changes in energy may be related to 
relative sea-level fluctuations and represent a transitional stage between microfacies Ua and microfacies 
U!Ob. Unnamed Combe north of Pointe Percee, sample s565a. Field of view 12 x 7mm. 
Microfacies of the Urgonian Platform 
Fig. 5.29 Photomicrograph illustrating microfacies U I Ob: Rudist wackestone-packstone. The external 
mineralogy of the outer prismatic shell is well preserved . Note also the spar infilled keystone vugs 
preserving the outlines of individual skeletal grains within the micritic matrix which have undergone total 
dissolution. See text for detailed microfacies description and environmental interpretation . Cluze road 
section, sample a854. Field of view 12 x 7 mm. 
Microfacies of the Urgonian Platform 
Fig. 5.30a,b (Facing page). Photomicrographs illustrating microfacies UlOc: Rudist grainstone-packstone. 
(a) Note the rudist fragments with their original outer shell mineralogy preserved (bottom right) in a 
peloidal-foraminiferal packstone matrix. Note fenestra at the top of the picture which is partially infilled 
by meteoric phreatic spar and crystalline silt (top right) interpreted as have been deposited by vadose 
meteoric pore water flow. See text for detailed microfacies description and environmental interpretation. 
Col d' Encrenaz, sample s387. Field of view 6 x 4mrn. (b) Note the geopetal peloidal infill within a rudist 
· shell. The rudist shell has undergone pervasive dissolution with both the inner and outer shell having been 
replaced. The partition between the original inner and outer shell mineralogy is preserved in the shell (to 
the right of the pitture) by a thin internal micritic envelope. This is interpreted as indicating that 
dissolution occurred in two phases with the inner shell undergoing dissolution earlier than the outer shell. 
The internal shell is replaced by equant meteoric phreatic spar. The outer shell (to the right of the picture) 
is replaced partial by phreatic meteoric spar but a high portion of crystalline silt is also present which is 
interpreted as being deposited by meteoric water circulating in the vadose zone. Le Creuse, sample s740a. 
Field of view 12 x 7mm. 
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Fig. 5.30a 
Fig. 5.30b 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.31a,b Photomicrographs illustrating microfacies U I Oc: Rudist grainstone-packstone. See te.xt for 
detailed microfacies description and environmental interpretation. (a) Cluze road section, sample a 58. 
Field of view 12 x 7mm. (b) Cluze road section, sample a844. Field of view 12 x 7mm. 
Microfacies ofthe Urgonian Platform 
Fig. 5.31c (Above) Photomicrograph of microfacies U!Of: Rudist grainstone with abundant quartz and 
quartz interlaminations . Note the very fine grained natures of the peloidal-small foraminifera grainstone 
matrix and the presence of quartz. The small rudist shell (to the ri ght of the picture) has been partially 
si licified to chert. Dissolution of small skeletal fragments in the fine grained matrix fo rm dis olution 
fenestrae and small bird's fenestrae may also be present. Combe de Bella Cha, sample s583 . Field of view 
12 x 7mm. 
Fig. 5.3ld,e (Next page). Appearance in outcrop of microfacies U!Of: Rudist grainstone with abundant 
quartz and quartz interlaminations. (c) Abundant small rudists occur above thin well developed quartz rich 
interlaminations at the base of the exposure . The mottled appearance of the rudist rich sediment reflects 
the presence of many thin quarts interlarninations and the partial silicification and dissolution of rudist 
bivalve shells. Sandstone interbeds in the top Urgonian fac ies are interpreted as indicating a very shallow 
water depositional environment with possible episodes of short lived subaerial exposure. Between 
sandstone interlamination limestone densely packed with small (typically less than 2cm across) relatively 
thin walled ( l-2mm) rudist bivalves occur. Les Combes (GR. 09177 212200). Geological hammer for 
scale. (d) Close up view of small silicified rudist bivalves with quartz interlaminations. the presence of 
quarts interlaminations are interpreted as being deposited during short episodes of subaerial exposure. Les 
Combes (GR. 09177 2 1220). Pencil for scale. See text for detailed microfacies description and 
environmental interpretation. 
Microfacies of the Urgonian Platform 
Fig. 5.31d 
Fig . . 5.31e 
Microfacies of the Urgonian Platform 
Fig. 5.32 Appearance in outcrop of facies VIl a: Colonial patch reefs in grainstone lagoons occurring 
stratigraphically beneath the rudist rich Urgonian facies sensu stricto. Close up view of mai n picture 
(right) approximately 5 x 3cm. Note partial silicification of corals to bottom right of main picture. See text 
for detailed facies description and environmental interpretation. Combe des Verts, Aravis mountai n Chain 
(GR. 09260 21150). 
(a) 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.33 Photomicrographs of microfacies Ulla: Colonial patch reefs in grainstone lagoons. See text for 
detailed description of microfacies and environmental interpretation. (a) ote the fine peloidal grainstone 
matrix (to the right of the photomicrograph) and the colonial coral (to the left ), partially replaced by fine 
dedolornitic, and crystalline silt. La Clusaz road section, sample a l095. Field of view 12 x 7mm. (b) ote 
neomorphosed coral (top of picture) and fine peloidal grainstone matrix containing coarse rudist bivalve 
fragments with bioeroded micritized rims. La Clusaz road section, sample al52. Field of view 12 x 7mm. 
Microfacies of the Urgonian Platform 
Fig. 5.34. (Top of facing page). Photomicrograph of microfactes Ull b: Schleractinian and colonial corals 
in wackestone lagoons. This facies firsts appears stratigraphically beneath the rudist rich Urgonian facies 
sensu stricto. See text for detailed facies description and environmental interpretation. Note the high 
degree of dissolution of all the skeletal grains many of which are preserved as spar infilled keystone vugs 
within the micritic matrix. Unnamed Combe north of Pointe Percee, sample s599. Field of view 6 x 4mm. 
Fig. 5.35 (Bottom of facing page). Photomicrograph of microfacies Ul2a: Orbitolinidae grainstone with 
accessory grain-types. Orbitolinids present in this photomicrograph include longitudinal and basal cross-
sections through Alpillina antiqua FOURY, and longitudinal sections through Paracoskinolina 
sunnilandensis (MA YNC) and Paleodictyoconus cuvillieri (FOURY). These are high energy types of 
Orbitolinid foraminifera. See text for detail description and environmental interpretation. La Clusaz road 
section, sample al088. Field of view 6 x 4mm. 
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Fig. 5.34 
Fig. 5.35 
(a) 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.36 (a) Appearance of facies Ul2b: "Unimodal" Orbitolinidae grainstone in hand specimen. The 
rock can be seen to be full of "Chinese hat" or truncated cone shaped Orbitolinidae foraminifera. Col d' 
Encrenaz, sample s477. Scale bar to bottom right of the picture in millimetres. (b) Photomicrograph of 
microfacies Ul2b: "Unimodal" Orbitolinidae grainstone. This microfacies is dominated by Parorbitolina 
sp foraminifera. Note the quartz grains infilling the Orbitolinid tests and the stylolitic nature of contacts 
between individual Orbitolinids (indicating pressure dissolution) that are often iron mineralised. See text 
for detailed microfacies description and environmental interpretation. Col d' Encrenaz, sample s477. Field 
of view 6 x 4mm. 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.37a,b (a) · Appearance in outcrop of microfacies Ul2c: Orbitolinidae packstone with abundant 
dasycladacean algae, in outcrop. U l2c may occur as thin repetitive horizons (arrowed) approximately I to 
2m metres apart, separated by intervening grainstones beds. Pointe du Midi (GR 0920 I 21202). Red 
rucksack for scale to the left of the picture. (b) Photomicrograph of microfacies Ul2c: Orbitolinidae 
packstone with abundant dasycladacean algae. Note the Orbitolinids dominantly of Parorbitolina sp type, 
with detrital quartz grains infilling their tests, in a muddy matrix . Note also the presence of iron stai ning. 
See text for a detailed description of this microfacies and its environmental interpretation. Combe de 
Grande Forclaz, sample s6 10. Field of view 12 x 7mm. 
Microfacies of the Urgonian Platform 
Fig. 5.38a,b Photomicrographs illustrating microfacies U13 : Bioclastic grainstone rich in Orbitolinidae 
and dasycladacean green algae. (a) Note dasycladacean algae to the centre left of the picture. ote also the 
non isopachous rim cements (to the right of the photomicrograph) and the crystalline silt in filled fenestrae. 
For detailed microfacies description and interpretation see text. La Clusaz road section, sample s494. 
Field of view 6 x 4 mm. (b) Close up view of meteoric vadose silt infilled dissolution fenestrae . ote also 
possible vadose drip spars on grains in the bottom left of the picture. La Clusaz road section, sample s494. 
Field of view 12 x 7mm. 
Microfacies ofthe Urgonian Platform 
Fig. 5.39 Photomicrograph showing microfacies U 14: Peloidal grainstone-packstone wi th fe nestrae. ote 
Trocholina foram in ifera towards the bottom right of the picture beside the replacive dolomite rho mb. For 
detailed facies description and environmental interpretation see text. La Clusaz road ection, sample 
a l089. Field of view 6 x 4mm. 
Microfacies of the Urgonian Platfonn 
(a) 
(b) 
Fig. 5.40a,b (a) Photomicrograph showing microfacies U 15a: Mudstone-wackestone with small 
forami ni fera. Note the individual replacive dedolomite rhombs and the presence of Valdanchella cf 
miliani foraminifera (arrowed). See text for details microfacies description and environmental 
interpretation. La Clusaz road section, sample s495 . Field of view 6 x 4mm. (b) Photomicrograph showing 
microfacies U l5b: Mudstone-wackestone with bird 's eye fenestra . Note bird's eye fenestrae and keystone 
vugs of gastropods partially infilled with meteoritic vadose silt. For detailed facies description and 
environmental interpretation see text. Cold' Encrenaz. sample a470a. Field of view 3 x 2 mm. 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.41a,b Photomicrographs showing microfacies U 16a: Peloidal foraminiferal packstone with 
neomorphosed rudist fragments. For detailed description of microfacies and environmental interpretation 
see text. (a) Note irregular bird's eye fenestrae. Col .du Spee, sample a270. Field of view 12 x 7mm. (b) 
Again note appearance of bird's eye fenestrae . La Clusaz road section, sample s497. Field of view 6 x 
4mm. 
Microfacies of the Urgonian Platform 
Fig. 5.42 Photomicrograph of microfacies U l6g: Pelo idal- foramini fera grainstone with neomorphosed 
rudists and quartz fragments. Note rou nded quartz grains and fenestrae . Les Combes, sample a l63x. Field 
of view 6 x 4mm. 
(a) 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.43a,b Photomicrographs of microfacies U 19: Coarse well sorted cross laminated grainstone.( a) 
Note grain alignment and the alternations between coarse and fi ner grain sizes that pick out cross-
laminations. The photomacrograph is orientated on its side with the way up (top) being to the ri ght. Roc 
des Tours , sample s44. Field of view 12 x 7mm. (b) Close up view of coarse lamination. Roc des Tours, 
sample s46. Field of view 6 x 4mm. See text for detai led description of microfacies and environmental 
interpretation. 
Microfacies of the Urgonian Platform 
Fig. 5.44 Photomicrograph of microfacies U20: Poorly sorted wackestone packstone with pyritized grains. 
Note impunctate brachiopods (bottom right). See text for detailed description of microfacies and 
environmental interpretation. Roc des Tours, sample s51. Field of view 6 x 4mm. 
Fig. 5.45 Photomicrograph of microfacies U21: Poorly sorted intraclastic grainstone-packstone. Note the 
large well rounded intraclasts (bottom left and top right) and the presence of Orbirolinidae foraminifera. 
For detailed description of microfacies and environmental interpretation see text. Combe de Grand Cret, 
sample sl26. Field of view 12 x 7mm. 
Microfacies of the Urgonian Platform 
Fig. 5.46 Photomicrograph showing microfacies U22a: Fine grained formpelbiosparite with rare small 
ooids and calcispheres. Note very small calcispheres, small oo ids and dissolution fenestrae. For detailed 
description of microfacies and environmental interpretation see text. Combe Grand Cret. sample s28 . 
Field of view 6 x 4mm. 
Fig. 5.47 Photomicrograph of microfacies U23: Very coarse skeletal debris with keystone vugs in a low 
calcite mud matrix. Note the heavily bored oyster fragments and keystone vugs of bivalves and gastropods 
infilled with spar. For detailed description of microfacies and environmental interpretation see text. Col d' 
Encrenaz, sample s473. Field of view 12 x 7mm. 
(a) 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.48a,b Photomicrographs of microfacies U24: Peloidal packstone with abundant dasycladacean 
green algae in a low calcite mud matrix. (a) Note round dasycladacean green algae, and Orbitolinidae 
foraminifera including Palaodictyoconus cuvillieri (FOURY) (bottom right) and Valdanchella cf miliani 
(SCHROEDER) (top left). Some quartz is present within the tests of the Orbitolinids to the bottom right 
of the picture. Note also the presence of silt within the matrix. Col d' Encrenaz, sample s478 . Field of view 
6 x 4mrn. (b) Shows the a more micritic part of the same sample . Note the abundant longitudinal sections 
through dasycladacean green algae. Col d' Encrenaz, sample s478. Field of view 6 x 4mrn. For a detailed 
description of this microfacies and its environmental interpretation see text. 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.49a,b Photomicrographs of microfacies U25: Very coarse well sorted very well rounded keletal 
grainstone. See text for detailed description of microfacies and environmental interpretation. (a) Base of 
this facies. Includes corals (centre-top) and echinoderm plates . Pic de Jallouvre a791. Field of view 12 x 
7mm. (b) Top of this facies. Slightly coarser. All the grains are completely neomorphosed. Well rounded 
grain fragments including bivalves , gastropods (bottom right) and possible rudist bivalves (middle left) 
Pic de Jallouvre, sample a793. Field of view 12 x 7mm. 
(a) 
(b) 
Microfacies of the Urgonian Platform 
Fig. 5.50a,b Photomicrographs of microfacies U26a: Microbial mud clot grainstone with drip and 
meniscus spar. (a) Note the large mud clots with 'cloudy' meniscus spar and the large fenestrae between 
grains. Pic de Jallouvre, sample a795 . Field of view 12 x 7mm. (b) Close up view of the "cloudy" drip and 
meniscus spar developed on the rims of large microbial mud clots and micritic intraclasts . This spar is 
interpreted as reflecting a vadose marine intertidal environment experiencing cyclical recharging with 
marine waters during neap tides and being subaerially re-exposed during ebb tides. Pic de Jallouvre, 
sample a 795. Field of view 6 x 4mm. For detailed description of microfacies and environmental 
interpretation see text. 
Microfacies of the Urgonian Platform 
Fig. 5.51 (Top of facing page). Photomicrograph of microfacies U26b: Microbial mud clot packstone with 
replacive dedolomite silt. Note the extensively developed dedolomitic silt infilling fenestrae between 
grains and also being developed around the edges of grains. In some instance the original rhombic shapes 
of dolomite infilled with dedolomitic silt can de made out around the edges of grains. For microfacies 
description see text. Pic de Jallouvre, sample a794. Field of view 12 x 7mm. 
Fig. 5.52 (Bottom of facing page). Photomicrograph of microfacies U27: Bioclastic grainstone with 
Orbitolinids and green algae. Note large Paleodictyoconus cuvillieri (FOURY) foraminifera (top right), 
rounded dasycladacean algae (middle left) and large echinoid ossicles (bottom middle). See text for 
detailed description of microfacies and environmental interpretation. Unnamed Combe north of Pointe 
Percee, sample s577. Field of view 3 x 2mm. 
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Fig. 5.51 
Fig. 5.52 
Microfacies of the Urgonian Platform 
Fig. 5.53 Photomicrograph showing microfacies U28 b: Course poorly sorted grainstone with bioeroded 
rudist fragments. Note neomorphosed bi valves with micritized rims and rudist fragments (top left and 
bottom right) with bioerosional micri tic enve lops. See tex t fo r detailed descripti on of microfacies and 
environmental interpretation. Thone, sample a599. Field of view 6 x Jmm. 
Fig. 5.54 Photomicrograph showing microfacies U29: Very coarse grained brachiopod-bivalve- peloid 
packstone. See text for detailed description of th is microfacies and its environmental interpretation. 
Thone, sample a5 81. Field of view 12 x 7mm. 
Microfacies of the Urgonian Platform 
Fig. 5.55 Photomicrograph of microfacies U30a: Very ti ne grained quartz rich sp iculate pyritic 
wackes tones-packestones. Note rounded quartz grai ns and round "calcisphere" which are mainly cross-
sec tions th rough sponge spicules. See text for detailed description and interp retation of this microfacies. 
Combe de Bella Cha, sample s676. Fie ld of view 3 x 2 mm. 
Fig. 5.56 Photomicrograph of microfacies U30b: Fine grai ned echinoid-peloid spiculate pyritic 
wackestone-packestone Note sil ic ified longitudinal sections of sponge spicules, calcispheres and pyritized 
small forams and peloids. Combe de Bella Cha, sample s678. Field of view 3 x 2mm. 
Microfacies of the Urgonian Platform 
Fig. 5.57 Photomicrograph showing microfacies U34: Pyritic mudstone-wackestone with fine grained 
dedolomite rhombs. See text for detai led microfacies description and environmental interpretation. 
Note: sponge schlerite (bottom-right), pyritic staining (bottom-left), pyrite, calcispheres and small 
dedolomite rhombs. Combe de Ia Bella Cha, sample s696. Field of view 6 x 4 mm. 
Microfacies of the Urgonian Platform 
Fig 5.58 Photomicrograph showing microfacies U35: Oolitic packstone with brachiopod and bryozoan 
fragments and containing Pfenderina foraminifera. Note ooids, echinoderm fragments and calcisphere. 
See text for detailed microfacies description and its environmental interpretation . Combe de Tardevant, 
sample s62. Field of view 3 x 2 mm). 
• 
Fig 5.59 Photomicrograph showing microfacies U38 : Fine-medium oolitic grainstone with Trocholina 
forami ni fera. Note Trocholina foraminifera (top ri ght), Miliolidae foraminifera, and ooid (towards 
bottom left). See text for detailed microfacies description and its environmental interpretation. Combe 
de Tardevant, sample s66. Field of view 6 x 4 mm). 
a) 
b) 
Microf acies of the Urgonian Platform 
Fig. 5.60a,b (a) Appearance of two beds typical of microfacies U39: Packstone containing JrU/1. r 
and micritic intraclasts with feldspars (arrowed) which are interpreted as calciturbidites (Combe de Ia 
Bella Cha, beds are approx imately 0.5 metres thick). (b) Photomicrograph showing microfacies U39 : 
Packstone containing dr~ o-~c;.A' ~ l'l'l icritic intraclasts with feldspars . Note the 
green algae (left- of-centre of photomicrograph) and micritic intraclasts contai ning fi ne 
prismatic fe ldspar phenocrysts (arrowed to right-of-centre of photomicrograph). See text for deta iled 
microfacies description and environmental interpretati on. Combe de Ia Torchere, sample s798 . Field of 
view 3 x 2 mm. 
Fig. 5.61 Photomicrograph of microfacies U40: Peloidal-biodiverse cross-laminated grain tone. 
slight grain alignment left to right across the photomicrograph and the presence of drip spar. See text 
for detailed description of microfacies and environmental interpretation. Combe de Paccaly, sample 
s I 050. Field of view 6 x 4 mm (of acetate peel ). 
Fig. 5.62 Photomicrograph of microfacies U41 : Fine grained packstone with small foraminifera and 
sponge spicules. Note lozenger shaped sponge spicules (ri ght of photomicrograph), calcispheres, small 
Miliolid foraminifera and small Orbitolinida Valdanchella cf miliari (SCHROEDER) (arrowed). See 
text for detailed description of microfacies and environmental interpretation. Combe de Paccaly, sample 
s719. Field of view 12 x 7 mm. 
Microfacies of the Urgonian Platform 
Fig. 5.63 Photomicrograph of microfac ies U42: Oolitic grainstone with intraclas ts containing 
authige nic feldspar. Note abundant well ro unded micritic intraclasts containing euhedral prismatic 
fe ldspar phenocrysts and the large green algae. For detailed description of the microfacies and its 
environmental interpretation see text. Combe de Grand Cret, sample s3 1. Field of view 6 x 4 mm. 
Fig. 5.64 Photomicrograph of microfacies U43 : Quartz and glauconite rich biopelmicrite. See text for 
detailed description of microfacies and environmental interpretation. Pic de Jallouvre, sample s280. 
Field of view 6 x 4 mm. 
Microfacies of the Urgonian Platfonn 
Fig. 5.65a,b (Facing page) (a) Shows a thin horizon composed of resedimented angular biopelspar 
Urgonian limestone clasts within a sandstone matrix. The horizon has an irregular basal profile, 
representing a minor erosional or dissolution topography, beneath which neptunian dykes penetrate 
downwards, and with a planar upper boundary surface. The horizon occurs between 10 to 20 metres 
below the top of the Urgonian Limestone Platform sensu stricto. This horizon is interpreted as 
representing a minor palaeokarst formed during a period of subaerial platform exposure during a 
relative sea-level fall. Pointe D' Andey (GR. 09157 21234). Authors boot for scale. (b) 
Photomicrograph of microfacies U45: Quartz arenite containing biopelsparite intraclasts shown in 
Figure (a). Note angular intraclasts in a well sorted quartz arenite matrix. For detailed microfacies and 
interpretation see text. Pointe D' Andey, sample a66, Field of View 12 x 7 mm. 
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Fig. 5.65a 
Fig. 5.65b 
Microfacies of the Urgonian Platform 
Fig. 5.66a,b (Facing page) (a) Microfacies DCi 1: Small dissolution cavities infilled with glauconitic 
greensand. Small cavities occur within the Urgonian Platform sensu stricto infilled with pyritic-
glauconitic sand and small angular Urgonian biopelsparite limestone breccia clasts. Infilled cavities 
occur up to several tens of metres below the top boundary of the Urgonian Limestone. They are 
interpreted as dissolution cavities formed during a major relative sea-level fall that subaerially exposed 
the Urgonian Platform finally terminating Urgonian limestone deposition. They have subsequently been 
infilled by Urgonian cavity collapse debris and post Urgonian (Cenomanian) deposition. Petit Bornand 
road section. Tube for scale approximately 5 em in length. (b) Photomicrograph of glauconitic 
greensand (DCi 1) infilling small dissolution cavity. Note glauconite, quartz, and pyrite. For detailed 
microfacies description and environmental interpretation see text. Petit Bomand road section. Field of 
view 6 x4 mm. 
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Fig. 5.66b 
Microfacies of the Urgonian Platform 
Fig. 5.67a,b (Facing page) (a) Microfacies DCi2: Large dissolution cavities infilled with glauconitic 
greensands and Cenomanian intraclasts. One of the larger dissolution cavities occurring within the 
Urgonian Platform sensu stricto infilled with pyritic-glauconitic sand and Urgonian and Cenomanian 
(Nummulitic) small angular debris clasts. This infilled cavity occur 40 metres stratigraphically below 
the upper boundary of Urgonian Limestone at Petit Bomand road section (GR. 09136 21225). It is 
interpreted as a dissolution cavity formed during a major relative sea-level fall that subaerially exposed 
the platform and finally terminated Urgonian Limestone deposition. Following formation by dissolution 
the cavity was subsequently infilled by Urgonian cavity collapse debris and post Urgonian 
(Cenomanian) deposition including the Nummulitic. Bottom-foreground Maurice Tucker for scale. (b) 
Microfacies DCi2: Large dissolution cavities infilled with glauconitic greensands and Cenomanian 
intraclasts. Photomicrograph of one of the Nummulitic intraclasts partially infilling the collapsed 
dissolution cavity. Note the large calcitic Nummulitic foraminifera, glauconite and quartz (to the left of 
photomicrograph). Very small 'calcispheres' and globeriginids foraminifera occur in the micritic portion 
of the matrix and note also the infilled burrow to the bottom-right of the picture. For more detailed 
microfacies description and interpretation see text. Petit Bomand road section. Field of view 12 x 7 
mm. 
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Fig. 5.67b 
Microfacies of the Urgonian Platform 
Fig. 5.68 Hand specimen of facies GS I: Glauconitic greensands with phosphatised ammonites. Note 
black coloured phosphatised burrows and ammonites within yellow-green weathered glauconitic 
sandstone matri x. See text for detailed microfac ies description and environmental interpretation. Scale 
bar in millimetres to bottom-left of picture. Sample collected from greensands overlyi ng Urgonian 
Limestone Formation at Combe de Ia Bella Cha. 
Fig. 5.69 Photomicrograph showing microfac ies NL I: Red algal wackestone-boundstone. See text for 
detailed microfacies description and environmental interpretation. Note elongate morphology of red 
algae. La Clusaz road section, sample s500. Field of view 6 x 4 mm. 
6.1 Introduction 
Chapter 6 
The Sequence Stratigraphy 
of the Urgonian Platform 
This chapter sets out to describe and interpret the stratigraphic succession of the 
Cretaceous Urgonian Carbonate Platform currently exposed in the most northwestern 
parts of the subalpine chains of southeast France (Fig. 3.5) within a sequence 
stratigraphic framework of dynamic relative sea-level changes. 
The Urgonian succession sensu lato is exposed in the parallel southwest-northeast 
trending Borne, Grand Bargy and Aravis Mountain Chains (Figs 5.li, 5.2) that are 
formed by the limbs of anticlinal and synclinal folds. These mountain chains are 
perpendicularly cross-cut at regular intervals along their southwest-northeast trend by a 
series of glacial combes whose cliff walls provide good northwest-southeast cross-
sectional exposures through the Cretaceous succession (Figs 51i, ii, and 5.2). A common 
feature of these exposures is the predominantly planar concordant and apparently 
conformably bedded nature of the stratigraphic succession which does not immediately 
appear to conform to any of the characteristic stratal geometries described by carbonate 
sequence stratigraphic models. Furthermore, peiiods of subaerial exposure are rarely 
marked by karstic surfaces; this reflects the prevailing dominantly arid climate during 
deposition (section 3.5.1). Identification of subaerial exposure surfaces often relies on 
microscopic evidence such as the presence of non-marine grain-types, especially 
Charophytes, and the development of vadose meteoric diagenetic fabrics including drip 
spar, grain dissolutionlmoldic porosity and vadose silt infills. Subtle stratigraphic changes 
between exposures must therefore be identified to enable the succession to be interpreted 
within a sequence stratigraphic context. 
In order to construct a three-dimensional stratigraphic model for the evolution of the 
Urgonian Platform sensu lato a series of northwest-southeast cross-sectional exposures 
are described at important outcrops as traced progressively from the southwest to 
northeast firstly along the Aravis Mountain Chain located to the southeast of the field 
area, and then along the parallel trending Bargy Mountain Chain to the central-northwest 
ofthe field area (Figs 5.1i, 5.2, 5.3a). 
Palaeogeographic changes in sedimentary character and the stratigraphic stacking 
patterns of individual sedimentary packages revealed by the integration of microfacies 
analysis and optimized similarity matrices analysis along with the distinct step-like 
differential weathered profile of the succession in these cross-sectional exposures are 
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used to identify significant stratal surfaces (sequence boundaries) and divide the 
Urgonian succession sensu lato into individual third-order depositional sequences and 
their component systems tracts. The stratigraphic and palaeogeographic development of 
depositional sequences and their systems tracts reflect the complex interactions of the 
inherited palaeogeography at the top of the Hauterivian basinal facies, differential 
tectonic subsidence across the platform and third-order relative sea-level fluctuations. 
Two northeast-southwest transects through the platform are described along the 
Aravis and Bargy Chains respectively and used to construct sequence stratigraphic 
models of platform evolution for the transition from stable platform in the northeast to a 
more strongly subsident basin in the southwest inferred from comparisons between 
optimized similarity matrices of parameters alone in Chapter 5. 
Shallowing upwards parasequences are. also identified within the Urgonian platform 
sensu lato succession, reflecting smaller scale fourth-fifth order relative sea-level 
fluctuations superimposed on the underlying third-order relative sea-level changes. 
Parasequences may be numbered successively up-stratigraphy in logs to aid description 
in the text; however, similar numbered parasequences at different locations do not 
necessarily indicate stratigraphic correlation with one another. The key to symbols used 
in sedimentary logs is given in Appendix C. 
Particular emphasis is given in this chapter to the description and environmental 
interpretation of two megabreccia horizons that can be traced significant lateral distances 
in the lower part of the Urgonian platform sensu lato succession exposed in the 
southwestern Aravis Chain. These horizons can be traced from Col des Aravis (GR. 
0919721061) in the southwest as far northeast as Combe de Mont Charvet (Mont Fleuri) 
(GR. 0925921129) along the Aravis Chain. 
6.2 Sequence stratigraphy of the Urgonian succession as described 
along a line southwest-northeast through the Aravis Mountain Chain 
This section describes stratigraphic changes between a series of northwest-southeast 
cross-sectional exposures through the Urgonian platform succession sensu lato as traced 
progressively southwest to northeast along the Aravis Mountain Chain and interprets 
them within a sequence stratigraphic context. The outcrops are described below in the 
order they occur as traced form the southwest to northeast. Col des Aravis (GR. 
0919721061) is the furthest southwestern outcrop described and Pointe de Bella Cha 
(GR. 0927021169) the most northeastern exposure described. For individual outcrop 
locations refer to Figs 5.li, 5.1ii, 5.2 and 5.3a. All grid references to locations refer to 
Institut Geographique National, 1: 25 000, La Clusaz-Grand Bomand, 3430 ET, Top 25. 
A common feature between all the outcrops in the Aravis mountain Chain is the planar 
and apparently concordantly conformable bedded nature of the sedimentary succession. 
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6.2.1 Exposure at Col des Aravis (GR. 0919721061) 
The exposure at Col des Aravis viewed looking to the northeast of the Col is the most 
southwesterly outcrop described in the Aravis Chain. Almost the whole of the Urgonian 
platform succession sensu lato can be seen in this exposure (Fig. 6.1 and 6.2). The lower 
part of the succession comprises a largely grass covered relatively micritic sedimentary 
package which contains two laterally continuous megabreccia horizons which weather 
proud from the lower slope. Above this sedimentary package the upper part of the 
succession is exposed as a white-grey weathered shear cliff face. The lower part of the 
exposure is accessible from the Col and the log of the stratigraphic succession between 
the two megabreccia horizons is shown in Figure 6.4. Optimised similarity matrices 
analysis of petrographic data from this log (Fig. 5.4E) was interpreted as indicating that 
the lower part of the succession beneath the white-grey weathered cliff face may 
represent a lowstand apron (section 5.3.3.2). 
The Lower Megabreccia Horizon sits directly above the upper boundary of the 
Hauterivian deep-water basinal facies (microfacies H1) and represents the beginning of 
Urgonian platform sensu lato deposition. The lower of the two megabreccia horizons, 
subsequently called the Lower (Aravis) Megabreccia Horizon, or LAMH, appears 
slightly more grain-rich then the more the micrite rich hemipelagic spiculate mudstone-
wackestone sediments (microfacies U2a, U30b and U34) that overlie it. The Lower 
Megabreccia Horizon is composed of lithified megablock debris formed during a major 
period of gravitational instability and sediment resedimentation. The Lower Megabreccia 
Horizon contains large olistoliths, or me gab locks, up to 10 metres thick, implying that 
some of the sediment effected by instability was indurated prior to gravitational 
instability (Fig. 6.3). Some megablocks have their internal planar bedding preserved 
whereas others appear massive. Abundant contorted bedding and slumping also occurs 
between megablocks within both of the megabreccia horizons indicating that plastic soft 
sediment deformation of less lithifed sediments also occurred during dynamic 
emplacement of the lithified megablocks. The base of the Lower Megabreccia Horizon is 
marked by a finer debrite deposit containing clasts up to lOcm in size interpreted as the 
disaggregated sediment "carpet" on which the megablocks where transported. Debrites 
also occur on top of some megablocks. Some megablocks have planar contacts with the 
underlying Hauterivian sediments whereas others slightly incise down into the 
Hauterivian strata. The Lower Megabreccia Horizon is stratigraphically followed by 
approximately 70 metres of relatively deep-water hemipelagic 'outer' platform foreslope 
sediments (microfacies U2a, U30b and U34) prior to a second megabreccia horizon, 
called in all subsequent exposures the Upper (Aravis) Megabreccia Horizon, or UAMH, 
which represents debris produced by a second major episode of gravitational instability. 
The Upper Megabreccia Horizon shares the same features as the Lower Megabreccia 
277 
Sequence stratigraphy of the Urgonian Platform 
Col des Aravis: View N.E. 
N.W. S.E. 
Fig. 6.1 The northeast face of the Col des Aravis (GR. 0919721061) is the furthest southwest the Aravis 
Megabreccia Horizons can be traced within the Aravis Mountain Chain. The complete Urgonian 
succession sensu lata can be seen in this exposure. The two Megabreccia Horizons (shaded in the 
in terpretative line drawing) appear as resistantly weathered horizons of more grain-rich shallower-water 
debris raised proud from the comparatively more micritic, grass covered, lower part of the exposure. The 
Lower Aravis Megabreccia Horizon occurs immediately above the Hauterivian basin boundary. The 
white-grey weathered relatively shallow water Urgonian platform sensu stricto is exposed in the shear cliff 
face (see text for discussion). 
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Fig. 6.2 Col des Aravis, view N.E. Aravis Megabreccia Horizons (arrowed) exposed beneath the 
Urgonian platform sensu stricto (see text for discussion). 
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Lower Aravis Megabreccia Horizon Col des Aravis:View N.E. 
Fig. 6.3 Col de Aravis, view northeast. Part of the Lower Arav is Megabreccia Hori zon. T he megabreccia 
horizo n is shaded grey in the interpretative line drawing. Note the massive nature of the megabreccia to 
the le ft o f the picture which implies the sediment was lithi fied prior to sliding. This megabreccia is 
composed of sli ghtly shallower more grai n-rich sed iment than the 'host' strata that occurs stratigraphically 
above, and between, the Megabrecc ia Horizons, before the shallow-water Urgonian Platfo rm sensu 
stricto. 
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Horizon described above containing megablocks and also evidence of soft sediment 
deformation between individual megablocks. The fact that both the Megabreccia 
Horizons weather proud from their relatively brown-micrite rich host sediments and are 
weathered grey-white reflects their slightly more grain-rich character. This is interpreted 
as indicating an originally shallower-water environment for the megablocks which were 
then displaced down-slope into a comparatively overall deeper-water depositional 
setting. (The Aravis Megabreccia Horizons are described and interpreted more fully in 
section 6.4). The Upper Megabreccia Horizon is followed by a further 40 to 50 metres of 
grass covered strata which, although inaccessible from the Col, are interpreted as 
probably reflecting continued hemipelagic deposition. This lower hemipelagic 
sedimentary package then appears to have an abrupt boundary with the white-grey 
weathered sediments exposed in the upper cliff face. The upper part of the succession is 
inaccessible from the Col des Aravis but the succession immediately above the lower 
sedimentary package is accessible in one of the first combes in the southwestern part of 
the Aravis Mountain Chain proper at La Creuse. 
6.2.2 Exposure at La Creuse (GR. 0921321067) 
The Urgonian platform succession sensu lato beginning at the top of the hemipelagic 
strata of the basal succession described at Col des Aravis (and including the strata in the 
upper grey-white weathered cliff face seen at Col des Aravis, Figs 6.1 and 6.2) and 
terminating at the Upper 'Aptian' Phosphatic Greensands (facies GS 1) is exposed in the 
southwestern most northwest-southeast trending combe in the Aravis Mountain Chain at 
La Creuse (GR. 0921321067). The log of the southwestern face of this combe is shown 
in Figure 6.5. Optimised similarity matrices analysis of petrographic sample data from La 
Creuse (Fig. 5.5B) has been interpreted as indicating a relatively shallow-water broadly 
shallowing upwards environmental gradient broadly compatible with deposition during 
marine transgression and/or highstands of relative sea-level (section 5.3.4.2). 
The lowest basal part of the La Creuse log (Fig. 6.5) includes the upper most part of 
the lower platform described in section 6.2.1. These strata are composed of fine-grained 
black-brown weathered mudstone (microfacies U2a) and confirm the continued 
hemipelagic character of the lower Urgonian platform sensu lato above the Upper Aravis 
Megabreccia Horizon before the abrupt changes to the white-grey weathered strata 
noted in the upper cliff exposure at Col des Aravis. 
Overall the succession at La Creuse (Fig 6.5) has a relatively uniform white-grey 
weathered colour suggesting a relatively uniform shallow-water depositional 
environment compared with the deeper-water lower part of the succession described at 
Col des Aravis. Individual parasequences are difficult to differentiate. The lower-most 
part of the succession is dominated by peloidal-echinoderm sands (microfacies U3) which 
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gradationally pass up stratigraphy into alternations of coral-rich horizons (microfacies 
U11) with rudist facies horizons (microfacies UlOc). Rudist lagoonal sediment facies 
become progressively more abundant up-stratigraphy and the occurrence of corals 
decreases. The coral-rich horizons tend to be massively bedded. However, massive coral 
reefs are not onlapped by planar-bedded strata suggesting that corals formed relatively 
low relief patch reefs rather than "barrier-type" reefs. In the rudist-rich horizons, rudist 
fragments tend to be clustered together within a much finer grained wackestone-
packstone matrix, indicating that they formed discreet colonies which only grew to the 
level of the sea-floor. Thin (1-2m) coarser-grained peloidal-echinoderm grainstone 
interbeds within rudist facies may represent storm deposits or periods of higher energy 
conditions during fourth-fifth order sea-level fluctuations. 
Stratigraphically approximately midway up the succession there is a gradational 
change in the nature of sedimentation to 'sheltered' rudist lagoonal deposits (microfacies 
UlOa) and very shallow-water restricted circulation and supratidal mudstone sediments 
(microfacies U15alb) which contain bird's-eye fenestrae partially infilled with meteoric 
vadose silt. Skeletal hash-peloidal grainstones with ooid interbeds also occur within these 
facies (microfacies U7e). This change in sedimentary character is interpreted as reflecting 
shallowing upwards ultimately resulting in subaerial exposure that marks the top of a 
highstand systems tract caused by a decrease in the rate of relative sea-level rise as part 
of an underlying third-order relative sea-level cycle. These microfacies are immediately 
stratigraphically followed by a return to open-marine rudist lagoonal deposits indicating 
marine reflooding of the platform during a subsequent transgression. The coral/rudist 
facies sedimentary package terminating with supratidal deposits is therefore interpreted 
as representing a transgressive/highstand systems tract that occurs immediately above the 
deep-water lowstand systems tract described at Col des Aravis and which combined 
together represent a third-order depositional sequence (Depositional Sequence 1 or 
DS1). The top of the supratidal deposits therefore represents the upper sequence 
boundary (sb) of Depositional Sequence 1 (Fig. 6.5), whereas the boundary between the 
Hauterivian and Urgonian sensu lato marks the basal sequence boundary of Depositional 
Sequence 1. 
Depositional Sequence 1 is followed by an immediate return to comparatively uniform 
rudist facies deposits (microfacies U10 and U16) and corals are no longer present. This 
is interpreted as reflecting a further third-order marine transgression. No lowstand 
deposits are present above Depositional Sequence 1. Dolomite interbeds occur towards 
the top of this upper rudist depositional package. Also towards the upper most part of 
the Urgonian succession thin (1-3cm) sandstone interbeds occur which have irregular 
basal profiles beneath which small neptunian dykes penetrate down into the underlying 
strata (microfacies UlOf) (similar to those shown in Figs 6.9 and 6.10). These sandstone 
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interbeds are interpreted as minor palaeokarstic surfaces formed by fourth-fifth order 
relative sea-level fluctuations superimposed on an underlying third-order relative sea-
level rise. As third-order relative sea-level rise reached its zenith during the highstand 
systems tract these palaeokarstic surfaces become more abundant and stratigraphically 
closer spaced. The strata sandwiched between consecutive palaeokarstic surfaces 
represent individual shallowing and thinning upward parasequences formed in response 
to underlying progressively decreasing accommodation space. The upper boundary 
surface of rudist facies deposition is also marked by an apparently small scale irregular 
pitted erosive topography (with up to 5cm of relief), formed during subaerial exposure, 
which is infilled with arenite deposits and directly overlain by glauconitic greensand 
deposits containing reworked phosphatized ammonites and burrows. This upper 
palaeokarstic surface terminates Urgonian platform deposition and represents a major 
relative sea-level fall. A second third-order depositional sequence, Depositional 
Sequence 2 (or DS2) comprising only a transgressive/highstand systems tracts therefore 
occurs stratigraphically immediately above Depositional Sequence 1. The upper sequence 
boundary of Depositional Sequence 2 is marked by the major depositional unconformity 
at the boundary between the top of the Urgonian platform and the 'Aptian' glauconitic 
greensands. It is not possible to differentiate reliably the boundary between transgressive 
and highstand systems tracts from one another in Depositional Sequences 1 and 2. 
6.2.3 Exposures in Combe de Ia Bella Cha (GR. 0922021090) 
In the cliff walls of Combe de Bella Cha the entire Urgonian succession, from its basal 
contact with the Hauterivian to its upper contact with the 'Aptian' Glauconitic 
greensands, can be viewed and sampled in a single outcrop (Figs 6.6 and 6.7 ). A log of 
the succession exposed in the southwestern cliff face is shown in Figure 6.6.(i) and 
interpreted in the line drawing in Figures 6.6(ii) and logged and interpreted in Figure 6.7. 
Like all the exposures within the Aravis Chain with the exception of the Megabreccia 
Horizons the succession is planar and concordantly bedded. However, the differential 
weathering of the succession forms an. irregular "stepped" profile against the skyline 
which has been integrated with the microfacies interpretation to assist in identifying 
stacking patterns of individual sedimentary packages and to infer the position of key 
sequence stratigraphic stratal surfaces (Fig 6.6(i)and (ii)). 
Optimized similarity matrices analysis of petrographic sample data collected from 
Combe de la Bella Cha is interpreted as indicating the presence of both deep-water 
lowstand systems tract and comparatively shallower highstand! transgressive systems 
tracts (Fig. 5.6D, section 5.3.5.7). 
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Within the Hauterivian basinal deposits thin glauconite-rich horizons (similar to those 
illustrated in Figures S.lla and b) formed by depositional hiatuses pick out 
parasequences reflecting fourth-fifth order relative sea-level fluctuations (Fig 6.7). 
The Lower Aravis Megabreccia Horizon again marks the beginning of Urgonian 
deposition sensu lato above the Hauterivian basinal deposits. The megabreccias white-
grey weathered coloration stands out against the brown-weathered host and overlying 
sediments and reflects their comparatively shallower-water more grain-rich sedimentary 
fabrics. The Lower Aravis Megabreccia Horizon is composed of a discontinuous line of 
individual megablocks lateraJ9tisolated from one another either by convoluted strata (Fig. 
6.6(c)) folded by soft sediment deformation during dynamic megabreccia emplacement, 
or by thin planar bedded undeformed sediments (Fig. 6.6(i)) that onlap against the sides 
of the megablocks. The deformed sediment between megablocks may represent less 
lithified strata that was compressed during gravitational instability between more 
indurated strata (i.e. the megablocks) belonging to the same stratigraphic horizon as one 
another, or alternatively be sediment "rucked" up from beneath the megablocks by basal 
friction during sliding. The planar bedded undeformed sediments between individual 
megablocks that onlap them appear to post-date megabreccia emplacement and infill an 
irregular sea-floor topography created by the megablocks following gravitational 
instability. Subsequent planar bedded sediment indicates a gravitationally stable 
depositional environment that infills and subdues this topography returning the sea-floor 
to its former planar relatively featureless profile. In places thin ( <lOcm) calcarenite 
deposits occur immediately above the megablock possibly reflecting subaerial exposure 
soon after their emplacement (microfacies U44). Alternatively these calcarenite deposits 
may reflect shallow-water current reworking and winnowing, although this interpretation 
is thought less likely. The Lower Aravis Megabreccia has a more white-grey weathered 
colour than the overlying sediments indicating relatively shallower deposition originally. 
Megablocks belonging to the Lower Aravis Megabreccia Horizon are also exposed 
sitting above the Hauterivian boundary in the centre of the combe (Fig. 6.8). 
The Lower Aravis Megabreccia Horizon is stratigraphically separated from the Upper 
Aravis Megabreccia Horizon by thinly bedded deep-water hemipelagic peloidal 
wackestone-packstone sediments (microfacies U30 and U31) that can be divided into 
small scale stratal packages interpreted as broadly shallowing upwards parasequences 
(Fig. 6.7). Within these hemipelagic microfacies thin (1-2m) slightly more grain-rich 
interbeds occur which are interpreted as mass flow deposits (calciturbidites). These 
deposits contain high-energy foraminifera such as Trocholina (microfacies U32) 
interpreted as being derived from an up-slope comparatively shallower-water 
penecontemporaneous depositional environment. Up-stratigraphy the composition of 
calciturbidite deposits changes to include ooids, Orbitolinidae and - · , ... 
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Fig. 6.6(i) and (ii) Facing pages (i) Plates, (ii) interpretative line drawings. (a) Combe de Bella Cha cliff 
face (GR. 0922021090) seen looking southwest along the trend of the Aravis Mountain Chain. (b) 
Detailed photo-montage of limestone succession shown in (a). The differential weathering pattern of 
sedimentary packages within this succession forms an irregular profile against the skyline that can be used 
to help interpret the sedimentary succession (log shown in Figure 6.7) within a sequence stratigraphic 
context. The Upper and Lower Aravis Megabreccia horizons are highlighted by stippled shading on the 
interpretative line drawings (ii). The pale white-grey colour of the upper and lower megabreccias reflects 
their relatively shallow-water 'inner-platform' origin and makes them visually stand out against the brown 
weathered micrite rich deeper-water 'outer-platform' facies (Lowstand Systems Tract of Depositional 
Sequence 1) into which they were redeposited by sliding. The Lower Aravis Megabreccia Horizon 
(LAMH) is composed of a discontinuous line of isolated megablocks lying immediately above the 
Hauterivian basin facies contact which formed the decollement/slide surface. Individual megablocks are 
separated from one another by post-collapse planar bedded deeper water 'outer platform' deposits, and in 
places by highly convoluted and folded strata that underwent soft sediment deformation between 
megablocks during sliding. Planar and inclined (cross-bedded?) stratal geometries can be observed 
internally within individual megablocks. A broadly shallowing upwards 'outer-platform' sedimentary 
package of relatively deep marine mudstone-packstone cycles (parasequences of the LST of DS1) 
stratigraphically separates the LAMH from the Upper Aravis Megabreccia Horizon. The Upper Aravis 
Megabreccia Horizon (UAMH) is composed of an unbroken line of tabular shaped megablocks of 
uniform thickness. Internal bedding preserved within megablocks is planar and concordant to the 
underlying strata. The UAMH is immediately overlain by a package of deeper water 'outer-platform' 
mudstone-packstone lithological cycles, including jru"l .. ~J'4 bearing calciturbidite deposit (microfacies 
U39), that broadly shallow-upwards. Above this a more massively bedded shallow-marine packstone 
sedimentary package (pale grey-white coloured) occurs prior to the shallow water 'inner-platform' rudist 
rich Urgonian platform facies sensu stricto. Two separate successive transgressive/ highstand systems 
tracts can be differentiated within the Urgonian sensu stricto, the first of which corresponds to the top of 
Depositional Sequence 1 (DS1) and the second of which comprises a second Depostional Sequence (DS2) 
(see text for discussion). Abbreviations: LST: Lowstand Systems Tract; TST: Transgressive Systems 
Tract; HST: Highstand Systems Tract; DS: Depositional Sequence; sb: Sequence Boundary. 
(c) Detail of convoluted and folded strata separating individual megablocks in the LAMH formed by soft 
sediment deformation during sliding. There are two possible interpretations. The folded strata may be 
more argillaceous sediment rucked up from the decollement plane by friction at the base of lithified 
megablocks during sliding, or reflect differences in the degree of lithification within the same surficial 
slide horizon, with less lithified strata being laterally compressed between more indurated sediment 
(megablocks) during sliding (see text for discussion). 
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Fig 6.7 Log of the southwest face of Combe de Ia Bella Cha (GR. 0922021 090) shown in Figure 6.6. The 
log covers the entire Urgonian Platform succession sensu Jato starting in the Hauterivian basinal facies 
and terminating at a karstic surface immediately beneath the "Upper Aptian" Greensands. The succession 
can be divided into two third-order depositional sequences (see text for discussion). 
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Fig. 6.8 Combe de Bella Cha, view SW. (GR. 092202 1 090). Shows a white-grey weathered shallow water 
'inner-platform' lithology megablock of the Lower Aravis Megabreccia Horizon (LAMH) sitting in the 
centre of the combe above the Hauterivian deeper-water basinal facies. In the background the shallow-
water 'inner-platform' lithology of the LAMH and Upper Aravis Megabreccia Horizons are visible within 
the 'outer-platform' relatively deeper water brown-grey micrite rich shallowing-upwards transitional 
sedimentary package (LST of DS I ) in the cliff face. Above the transitional shallowing upwards package 
the shallower-water Urgonian 'inner-platform' facies sensu stricto (TST/HST of DS I) can be distmguished 
!:Jy a change in weathering colour to pale-grey (background top-right) . A second depositional sequence 
(DS2) comprising a TST/HST can be identified above DS I based on the 'step' like sedimentary stacking 
pattern revealed against the skyline formed by differential weathering. Scale is indicated by the reel 
rucksack (approximately 0.5 of a metre) beneath the megablock in the foreground (see text for 
discussion). 
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Fig. 6.9 Combe de Bella Cha, S.W. face. A sandstone interbed occurring towards the top rgoman 
Platform facies sensu stricto as shown in the sed imentary log in Figure 6.7. Such interbeds become more 
common in the upper part of DS2 as underlying third-order shallowing progressed. Deposition of quartz 
sandstone interbeds in the upper platform may indicate short lived (fourth-firth order) periods of subaerial 
platform exposure during fourth-fifth order relative sea- level fluctuati ons. Geological Hammer for scale. 
Fig. 6.10 Combe de Bella Cha, S.W. face. A sandstone intcrlamination with an Irregular horizontal profile 
occurring within rudist rich facies in the upper part of the Urgonian Platform sen.m stricto (Figure 6.7). 
Rudists at this stratigraphic level arc densely packed and small (typically less than 2cm across) and 
relatively thin walled ( l -2mm) compared with elsewhere (microfacies U I Of} The irregular horizontal 
basal profile of the sandstone intcrlamination suggests deposition onto a minor topography. In places 
sandstone infillcd neptunian dykes appear to occur downward beneath the sandstone horizon. This 
suggests that the minor topography may have been created by erosion or dissolution during a short lived 
minor episode of subaeria l platform exposure prior to being partially in filled with quartz and followed by 
a resumption in carbonate deposition following marine transgression. Geological hammer for scale. 
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Fig. 6.11 Combe de Be ll a Cha, northeast cl iff face. A breccia several metres beneath the upper Urgonian 
platform boundary surface can be correlated to the arenite interbeds (Figs 6.9 and 6. 1 0) described within 
the southwestern cli ff face of the same combe and is interpreted as having formed during ubaerial 
exposure of the platfo rm during a period of relative sea-level fa ll. Coin for scale is approxi mately 2cm in 
di ameter. 
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->- - \. green algae (microfacies U33). 
. ·~ 
· · .:·, - --- - :.-.;. The4~sence of Charophytes within calciturbidites 
interbeded with hemipelagic deposits suggests non-marine lakes must have existed on the 
subaerially-exposed platform-top, penecontemporaneously with continued hemipelagic 
sedimentation on the 'outer' platform during a period of low relative sea-level. Lacustrine 
deposits may have been washed into the hemipelagic environment by periodic storms 
sweeping across the subaerially exposed platform-top, or during fourth-fifth order 
relative ~ee:level cycles causing short lived episodes of reflooding of the platform-top. 
The J;;;~~nce of Charophyte - ; " - :;.. calciturbidites within these hemipelagic deposits 
""'""' \J \..4,. evidence that these sediments represent deposition during the lowstand systems 
tract, coeval with platform-top exposure and non-marine deposition elsewhere. 
Following several tens of metres of non-exposure covered by scree (Fig. 6. 7) 
(foreshortened by perspective in Figure 6.6(i)) the Upper Aravis Megabreccia Horizon 
occurs and is composed of a continuous horizon of megablocks end-to-end. Internal 
bedding of the megablocks is concordant to the under and overlying deposits indicating 
translational megablock sliding causing lateral displacement. Again the white-grey 
weathered coloration of the megablocks contrasts with the brown coloration of their 
more micritic host sediments and once more reflects their shallower-water origin and 
transport into a deeper-water depositional environment. Most significantly microscopic 
rudist fragments were detected within these megablocks indicating 
penecontemporaneous development of rudist facies elsewhere on the platform during 
lowstand hemipelagic deposition in the southwestern Aravis. 
The Upper Aravis Megabreccia is overlain by approximately 30 metres of thinly 
bedded hemipelagic-pelagic sediments (microfacies U34) interbedded with calciturbidites 
containing ~r~ co-1Jo,D- and authigenic feldspar. Authigenic feldspar may represent 
volcanic ash blown from active synchronous distal vulcanism elsewhere. This deep-water 
sedimentary package has an abrupt contact with the overlying comparatively shallow-
water microfacies (microfacies U3f) marked by a sharp change in weathering colour to 
white-grey similar to that described for the upper succession at Col des Aravis. This 
change in microfacies is interpreted as representing the upper boundary of the lowstand 
systems tract of Depositional Sequence 1. However, the slightly deeper water nature of 
the sediments immediately above the Upper Megabreccia Horizon (microfacies U34) 
compared to the sediments below it (microfacies U31) could be interpreted as indicating 
that sedimentation initially lagged behind relative sea-level rise during a major marine 
transgression and the sediments directly above the Upper Aravis Megabreccia Horizon 
represent the beginning of the transgressive systems tract. This alternative interpretation 
would position the top of the lowstand system tract immediately above the Upper Aravis 
Megabreccia Horizon. However, the positioning of the end of the lowstand systems tract 
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stratigraphically at the top of the deeper-water hemipelagic-calciturbidite sedimentary 
package (Figs 6.6(ii) and 6. 7), where a more significant change in sediment character 
occurs, is considered more likely and concurs with the earlier positioning of the lowstand 
systems tract boundary of Depositional Sequence 1 at Col des Aravis/La Creuse. 
Directly above the lowstand systems tract, open-marine relatively shallow-water 
peloidal-echinoderm grainstones occur (microfacies U3f), which are interpreted, using 
'sedimentary packaging' revealed by the "stepped" differential weathering profile on the 
skyline, as a transgressive systems tract. The transgressive systems tract is followed by a 
further sedimentary package composed of rudist facies proper (microfacies U10) 
interpreted as representing a highstand systems tract. The relatively abrupt disappearance 
of highstand rudist facies approximately 50 metres up-stratigraphy coincides with 
another sedimentary boundary identified by the weathering profile (Fig. 6.6(i) and (ii)). 
This boundary is inferred as being the top of the highstand systems tract and the upper 
sequence boundary of Depositional Sequence 1 (Fig 6.6(ii)a,b and Fig. 6.7). The 
sequence boundary is directly overlain by packstone and grainstone microfacies 
(including microfacies U3 and U6b) which are interpreted as being part of the 
transgressive systems tract deposits of Depositional Sequence 2. As at La Creuse no 
lowstand deposits occur at the base of Depositional Sequence 2. The reappearance of 
rudist facies further up-stratigraphy above the packstone-grainstone microfacies in 
Depositional Sequence 2 coincides with another sedimentary package identifiable using 
the weathering profile and is interpreted as the highstand systems tract of Depositional 
Sequence 2 (Figs 6.6(i), (ii) and 6.7). Towards the top of the highstand systems tract 
quartz becomes more abundant within rudist facies and irregular sandstone interbeds 
occur which are interpreted as minor palaeokarstic surfaces (Figs 6.9 and 6.1 0). These 
formed during short-lived episodes of subaerial exposure during fourth-fifth order 
relative sea-level changes operating against a background of overall relative sea-level 
shallowing as the rate of relative sea-level rise declines towards the end of a third-order 
sea-level rise. These palaeokarsts stratigraphically correlate to those described towards 
the top of the platform at La Creuse. The upper-most surface of the Urgonian platform 
which forms the top sequence boundary of Depositional Sequence 2 is marked in places 
by a minor erosional breccia (Fig 6.11) formed during a major episode of subaerial 
exposure prior to the deposition of the "Aptian" glauconitic greensands containing 
abundant phosphatized ammonites. 
6.2.4 Exposures at Combe de Grand Cret (GR.0923021110) 
In Combe de Grand Cret the entire Urgonian succession is again well exposed in the 
cliff faces of the combe. Similar distinctive differential weathering patterns of 
sedimentary packages in the cliff faces to those already identified and interpreted within a 
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Fig. 6.12a,b Facing pages (a) Combe de Grand Cret (GR. 0923021110), view to the southwest. (b) 
Interpretative line drawing. White-grey weathered megablocks (shaded grey in the interpretative line 
drawing) of the Lower Aravis Megabreccia Horizon (LAMH) are preserved in the centre of the comb 
(arrowed in interpretative line drawing) resting on-top of the brown weathered deeper water Hauterivian 
basinal facies. These megablocks display high angle inclined internal bedding indicating megablock tilting 
(clockwise as viewed) during emplacement, and apparent transported to the present day southeast. These 
megablocks can be correlated to a laterally discontinuous horizon of megablocks in the S.W. cliff face. 
Individual megablocks of the LAMH are laterally separated from one another by "gaps" that formed sea-
floor gullies above the top of there-exposed Hauterivian boundary surface and are infilled by later planar 
bedded deeper-water sediment. These gully deposits onlap the megablocks and rest unconformably ontop 
of Hauterivian facies. The Upper Ariwis Megabreccia Horizon (UAMH) is exposed in the cliff face 
(stippled shading in the interpretative line drawing) separated up-stratigraphy from the LAMH by a 
package of broadly shallowing upwards sedimentary cycles (parasequences) that can be distinguished by 
their differentially weathered "stepped" profile against the skyline. The UAMH is composed of a 
continuous line of megablocks end-to-end whose preserved internal bedding varies from concordant to 
slightly angularly inclined in relation to the underlying bedding. Megablock thickness of the UMBH is 
variable due to an irregular depth to the basal decollement surface beneath the original pre-collapse sea-
floor surface. The irregular depth to the decollement-slide surface resulted from variations in sediment 
lithology and lithification below the original sea-floor causing different sediment resistances to 
gravitational instability. The irregular topography formed at the top of the UMBH is onlapped and infilled 
by later planar bedded sediments which subdue the collapse topography returning the sea-floor to its 
former relatively flat planar featureless appearance. Circled in the left foreground are a flock of sheep to 
give an indication of scale. 
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Fig. 6.13a,b Facing page (a) Combe de Grand Cret, view looking southwest. (B) Interpretative line 
drawing. Megablocks (shaded grey in the line drawing(b)) of the Lower Aravis Megabreccia Horizon 
(LAMH) are preserved in the centre of the combe resting on-top of Hauterivian basinal facies. They 
display high angle inclined bedding indicating megablock tilting (clockwise as viewed) during 
emplacement. Their pale white-grey weathering colour reflects their original shallow-water grain-rich 
'inner-platform' depositional environment prior to sliding. They can be correlated to a laterally 
discontinuous horizon of megablocks in the S.W. cliff face. Individual megablocks of the LAMH are 
laterally s_eparated froJP one another by later planar bedded deeper-water deposits which onlap the 
megablocks and unconformably overlie the Hauterivian basinal facies. The Upper Aravis Megabreccia 
Horizon (UAMH) is exposed in the cliff face (stippled shading in interpretative line drawing) separated 
up-stratigraphy from the LAMH by a series of seven shallowing upwards sedimentary cycles 
(parasequences of the LST of DS 1). The UAMH is composed of a continuous line of me gab locks end-to-
end whose preserved internal bedding varies from concordant to slightly angularly inclined in relation to 
the underlying bedding. Megablock thickness of the UMBH is variable due to an irregular basal 
decollement surface. This may be due to variability in sediment lithification beneath the original 
featureless sea-floor causing variable resistance to gravitational instability. The irregular topography 
formed at the top of the UMBH is onlapped and infilled by later planar bedded sediments which 
effectively suppress it, restoring the sea-floor to its former relatively flat featureless profile. 
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Combe de Grand Cret: View S.W. 
Scale 
M 10 20 30 
(background) 
N.W. 
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Combe de Grand Cret, view looking S.W. of megablocks occurring in the Upper A.ravi 
Megabreccia Horizon highlighted in Figure 6.13. The megabreccias are easil y distingui shed by their 
white-grey colour. Above the me gab locks two thin (I metre thick) white weathered hori zons (arrowed) 
can be d istinguished that on lap the upper surface of the megablock (to the right of~)) . These hori zons are 
interpreted as calciturbidite deposits represented by microfac ies U39 (see text for 
discuss ion). 
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Fig. 6.15a,b Facing pages (a) Combe de Grand Cret (GR. 0923021110), north-eastern cliff face. (b) 
Interpretative line drawing. The differential weathering pattern of sedimentary packages within this 
succession forms an irregular profile against the skyline that can be interpreted within a sequence 
stratigraphic context. The Upper and Lower Megabreccia Horizons are separated by a package of 
approximately seven shallowing upwards cycles (parasequence) (Figure 6.16) whose preferential 
weathering pattern appears as a series of distinct 'steps' on the skyline. These transitional parasequences 
are interpreted as occurring within the Lowstand Systems Tract of Depositional Sequence 1. However, 
this intervening transitional stratal package (whose sedimentary log is shown in Figure 6.16) has a much 
more grain rich shallower-water character compared to the corresponding brown-weathered micrite rich 
parasequences of the LST of DS I that stratigraphically separate the two megabreccia horizons to the 
southwest in Combe Bella Cha (shown in Figure 6.6 and described in the log in Figure 6.7 ) implying a 
shallower-marine depositional environment existed in Combe Grand Cret by comparison. Crossed-bedded. 
grainstones indicating high energy current agitation occur within these transitional parasequences in 
Combe de Grand Cret (arrowed in the interpretative line drawing, see Fig. 6.17 for detail and log in Fig. 
6.16, parasequence 4 ). Apparent marine-current direction is to the northwest. Progressive lateral 
shallowing of facies between the me gab lock horizons as traced to the southeast is interpreted as reflecting 
a low angle (less than one degree) depositional slope (ramp) dipping broadly to the south. Similarly 
relatively shallow marine deposits occur immediately after the UAMH prior to Urgonian limestone sensu 
stricto compared to those to the southeast of the Aravis Mountain Chain. The LAMH is composed of large 
.cf..J 
isolated megablocks sitting directly above Hauterivian basin facies (stippled grey on the interpretative line 
drawing). Gullies separating isolated megablocks are infilled by planar bedded onlapping argillaceous 
deposits. The Upper Aravis Megabreccia Horizon forms a discontinuous horizon of variable thickness 
with areas effected by instability and mass flow separated by areas of penecontemporaneous sediment that 
proved more resistant to instability remaining essentially in situ , i.e. the convex upwards promontory 
onlapped by,later deposition (arrowed on the interpretative line drawing). This 'promontory' also gives an 
indication the thickness of sediment effected by sliding at this horizon. Mass flows appear as distinct 
channels that flowed around these stable 'islands' of sediment. Channel morphologies indicate transport 
towards the southwest. Differences in lithology and the degree of early sediment lithification beneath the 
original sea-floor prior to instability may explain why some areas of the sea-floor remained stable whilst 
others experienced gravitational instability (see text for discussion). 
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Fig. 6.16 Sedimentary log of the strata separating the Upper and Lower Aravis Megabreccia Horizons in 
the north-eastern eli ff face of Combe de Grand Cret (shown in Figure 6.15a) and interpreted as part of the 
Lowstand Systems Tract of Depositional Sequence I. Seven shallowing upwards parasequences can be 
distinguished. These parasequences are composed of relatively shallower-water deposits compared to the 
equivalent stratigraphic sedimentary package between the Megabreccia Horizons in Combe de Ia Bella 
Cha to the southwest shown in Figure 6.6 and logged in Figure 6.7. This change in sedimentation is 
interpreted as reflecting lateral palaeobathymetric shallowing up-slope north-eastwards along the Aravis 
Chain (see text for discussion). 
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Fig. 6.17 Combe de Grand Cret, view N.E. Detail of cross-bedding (highlighted in Fig. 6.15) exposed in 
the centre of the comb that correlate to one of the transitional shallowing upwards sedimentary packages 
(parasequence 4 in Fig. 6.16) stratigraphically separating the Lower and Upper Aravis Megabreccia 
Horizons exposed in the cliff face (part of the Lowstand Systems Tract of Depositional Sequence I). 
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sequence stratigraphic context at Combe de la Bella Cha are developed and have been 
used to correlate stratigraphically key stratal surfaces between these two combes (Figs 
6.12a,b, 6.13a,b and 6.15a,b). Whilst key stratal surfaces can be traced along the Aravis 
Chain between these exposures there are important changes in the nature of the 
sediments they package. 
The Lower and Upper Aravis Megabreccia Horizons are again present in a transitional 
shallowing upwards sedimentary package representing the lowstand systems tract of 
Depositional Sequence 1 (Figs 6.12 and 6.13) and can be traced across the floor of the 
combe. Some of the megablocks in the Lower and Upper Megabreccia Horizons in the 
southwestern cliff face and centre of the combe display oblique discordant high angle 
internal bedding indicating rotational tilting of the strata during gravitational instability 
and sliding. Most of the megablocks appear to share a common sense of tilting 
suggesting rotational sliding towards the present southeast (Fig 6.12). Calciturbidites in 
the southeastern cliff faces within the lowstand systems tract of Depositional Sequence 1 
(microfacies U39) onlap the top of Upper Megabeccia Horizon (Fig. 6.14). 
The northeastern cliff face of Combe de la Grand Cret shown in Figure 6.15 provides 
a northwest-southeast cross-section through the Urgonian succession that is 
approximately 2 km further to the northeast of that described at Combe de la Bella Cha. 
In the northeastern face of the Combe de Grand Cret (Fig. 6.15a,b) the lower 
megabreccia horizon is stratigraphically separated from the Upper Aravis Megabreccia 
Horizon by approximately 60 metres of white-grey weathered broadly shallowing-
upwards strata within which seven individual shallowing-upwards parasequences can be 
differentiated. This part of the succession is logged in Figure 6.16. These transitional 
shallowing-upwards parasequences are characterised by relatively shallow-water high 
energy grainstone microfacies (microfacies U3c, U21, U22) containing ooids and a 
comparatively diverse high-energy relatively shallow-marine fauna. They may show 
evidence of current agitation e.g. cross bedding in parasequence 4 (Fig.6.17) and in the 
upper parasequences diagenetic evidence of periodic short duration subaerial exposure at 
their upper boundary e.g. vadose silt and dripstone spar. These parasequences are 
interpreted as being deposited in a broadly shallowing-upwards, relatively shallow-water, 
possibly at times intertidal, environment. The lowstand deposits (of Depositional 
Sequence 1) in Combe de Grand Cret are therefore comparatively palaeobathymetrically 
shallower than the hemipelagic deposits they stratigraphically correlate to in Combe de 
Bella Cha. Similarly the grey-weathered upper-most part of the lowstand systems tract of 
Depositional Sequence 1 above the Upper Megabreccia Horizon at Combe de Grande 
Cret (Fig. 6.16a,b) appears shallower than the brown-weathered equivalent part of the 
lowstand systems tract in Combe de Bella Cha. These differences are interpreted as 
reflecting lateral palaeobathymetric shallowing in the lowstand deposits of Depositional 
308 
Sequence stratigraphy of the Urgonian Platform 
Sequence 1 towards the present-day northeast that indicate the existence of a low angle 
palaeoslope that dipped broadly to the present-day southeast. 
The Upper Megabreccia Horizon exposed in the northeast cliff face of Combe de 
Grande Cret Grande (Fig 6.15a,b) appears to form channels that down cut into the 
underlying strata and are separated from one another by stable 'islands' of in situ 
sediment that appear to have been unaffected by gravitational instability such as the 
convex upwards promontory arrowed in Figure 6.16b. Internal bedding of resedimented 
strata within the Upper Megabreccia Horizon is poorly preserved suggesting loss of 
internal sediment coherence and possible sediment liquefaction during gravitational 
instability. 
6.2.5 Exposures at Combe de Ia Grande Forclaz (Mont Fleuri) (GR. 0924521120) 
At Combe de Grande Forclaz, approximately 2.25 km further to the southwest of the 
exposures described at Combe de Grande Cret, the upper and lower part of the Urgonian 
succession sensu lato are juxtaposed against one another by faulting. Figure 6.18a,b 
shows the northwest cliff face exposure of the combe (Monti Fleuri) viewed from the top 
of L' Ambrevetta (Tardevant). The lower part of the succession including the transitional 
shallowing-upwards sedimentary package containing both of the Megabreccia Horizons 
(representing the lowstand systems tract of Deposition Sequence 1) is seen to the right of 
this figure faulted against the upper more uniformly shallow-water part of the platform 
seen to the far left of the picture. Several important contrasts between this exposure and 
those already described further southwest of the chain (i.e. Combe de Bella Cha, Fig. 
6.6, and Combe de Grand Cret Fig.6.15) can be observed. 
The megablocks of the Lower Aravis Megabreccia Horizon down cut into the 
underlying Hauterivian strata forming channels that indicate transport out of the face 
towards the observer (i.e. towards the southwest). The Upper Aravis Megabreccia 
comprises a continuous horizon of megablocks which are significantly less thick than 
those of the Lower Aravis Megabreccia Horizon, indicating a thinner thickness of the 
stratigraphic column beneath the original pre-collapse sea-floor surface was effected by 
gravitational instability. The sediment stratigraphically between and above the two 
megabreccia horizons has a more uniform whiter-grey weathered coloration than the 
corresponding strata observed to the southwest of the Aravis Mountain Chain (e.g. 
compare with Bella Cha Fig. 6.6) and it is not possible to distinguish individual 
parasequences within this unit (e.g. compare with Grand Cret Fig. 6.15). These features 
are interpreted as indicating that a more uniformly grain-rich shallower-water (up-slope) 
'inner-platform' depositional environment existed to the northeast of the study area in the 
Aravis Mountain Chain. The sedimentary package separating the Megabreccia Horizons 
is also comparatively thinner stratigraphically than in the southwest, possibly reflecting 
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Fig. 6.18a,b Facing pages (a) Combe de Ia Grande Forclaz, viewed looking northeast from the top of 
Tardevant. (b) Interpretative line drawing. Lower and Upper Aravis Megabreccia Horizons (shaded grey 
in the interpretative line drawing). The Urgonian shallow water platform sensu stricto (left) is brought 
into contact with the transitional lower Urgonian platform sensu lato facies (LST of DS 1) (right) at the 
base of the platform by faulting. The upper part of the platform succession to the left is logged in Figure 
6.19. The megablocks of the Lower Aravis Megabreccia Horizon down cut into the underlying 
Hauterivian strata forming channels that indicate transport out of the face towards the observer (i.e. 
towards the southw~st). The Upper Aravis Megabreccia comprises a continuous horizon of megablocks 
which are significantly less thick than those of the LMBH, indicating a thinner thickness of the 
stratigraphic column beneath the original pre-collapse sea-floor surface was effected by gravitational 
instability. The sediment stratigraphically between and above the two megabreccia horizons has a whiter-
grey coloration than the corresponding strata observed to the southwest of the Aravis Mountain Chain 
(e.g. compare with Bella Cha Fig. 6.6) and it is not possible to distinguish individual parasequences within 
this unit (e.g. compare with Grand Cret Fig. 6.15). This is interpreted as indicating that a more grain rich 
shallower-water (up-slope) 'inner-platform' depositional environment existed to the northeast of the study 
area in the Aravis Mountain Chain. The sedimentary package separating the Megabreccia Horizons is also 
comparatively thinner than in the southwest. The megablocks of both horizons also share a similar 
weathering colour to the sediments of the intervening in situ sedimentary package suggesting that they 
have a broadly similar lithology and have only been displaced a very short distance from their original 
depositional source (see text for discussion). 
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Fig. 6.19 Log of the upper part of the Urgonian succession sensu stricto exposed in Combe de Ia Grande 
Forclaz (GR. 0924521120). The log begins above the transitional basal part of the platform containing the 
Megabreccia Horizons. Two successive TST/HST can be differentiated in the succession using 
microfacies. The lower TST/HST represent the top of DS I and its upper sequence boundary is marked by 
an Orbitolinidae bed (microfacies U 12c). The second TST/HST directly overlies the Orbitolinidae bed 
forming a second third-order depositional sequence (DS2). The upper sequence boundary of DS2 is 
marked by a subaerial exposure surface that terminated Urgonian deposition (see text for discussion). 
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Fig. 6.20 Les Aiguilles Noires (mountain immediately to the southwest of Combe de Ia Grande Forclaz). 
Shows a minor erosional topography on the top Urgonian platform sensu stricto boundary surface formed 
during a major period of subaerial exposure that terminated Urgonian limestone deposition. This 
represents the upper sequence boundary of DS2. Eros ional depressions are lined by iron mineralizati on 
and infi lled with quartz arenite deposits. Chise l for scale approximately 25cm in length . 
Fig. 6.21 Mont Charvet. Breccia at the upper boundary surface of the Urgonian platform before the 
Glauconitic Greensand facies. The brecc ia is interpreted as hav ing been formed by subaerial erosion 
during a maj or period of platform exposure which terminated Urgonian Limestone deposition and marks 
the upper sequence boundary of DS2. Pencil for scale approximately !Scm in length . 
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stratal thinning of the lowstand deposits of Depositional Sequence 1 up slope as they 
onlap the underlying Hauterivian basement low-angle slope topography. The me gab locks 
of both megabreccia horizons also share a similar weathering colour to the sediments of 
the intervening in situ sedimentary package suggesting that they have a broadly similar 
lithology and have only been displaced a comparatively short distance from their original 
depositional source. 
The log of the upper part of the Urgonian platform succession sensu stricto exposed 
in Combe de la Grande Forclaz is shown in Figure 6.19. The computer optimized 
similarity matrices analysis (Fig. 5.5C) of this log is given in section 5.3.4.2. This log 
begins above the transitional basal part of the platform containing the Megabreccia 
Horizons (i.e. above the lowstand systems tract of Depositional Sequence 1). The base 
of the log starts in dolomitic beds. The lower-most part of the succession is dominated 
by ubiquitous rudist wackestone-packstone facies (microfacies UlO). Rudist facies are 
then replaced in importance up-succession by shallow-marine high energy peloidal-
foraminiferal grainstones (microfacies U16) which may contain neomorphosed rudist 
fragment debris. Individual small-scale shallowing-upwards cycles (parasequences) can 
be distinguished in this part of the succession which grade upwards from subtidal 
peloidal packstones at their base (inicrofacies U16d) to intertidal dominated peloidal 
grainstones containing well developed keystone vugs (microfacies U16a) at their upper 
boundary. Individual packstone-grainstone shallowing-upwards cycles (parasequences) 
are often separated from one another by thin ( 1 Ocm) mudstone flooding horizons. 
The rudist and peloidal grainstone deposits are interpreted as representing the 
combined transgressive/highstand systems tract of Depositional Sequence 1. The top of 
Depositional Sequence 1 is marked by coarse biodiverse grainstone-packstone bioclastic 
debris deposits (beach facies?) containing large reworked macroscopic ammonites, 
corals, sponges and oysters (microfacies US). These sediments are overlain by a major 
Orbitolinidae-rich flooding horizon (microfacies U12c), interpreted as correlating to the 
• Lower Orbitolinidae Horizon of Arnaud et al. ( 1987), that represents the upper sequence 
boundary of Depositional Sequence 1. 
The base of Depositional Sequence 2 is marked by an immediate return to relatively 
shallow-water deposition and is dominated by ubiquitous peloidal foraminiferal 
packstone-grainstone deposits containing a comparatively sparse fauna of rudist debris 
(microfacies U16) that is interpreted as a shallow-marine high energy lagoonal 
depositional environment which contained relatively sparse rudist colonies. Within a 
sequence stratigraphic context these deposits are interpreted as representing 
undifferentiable transgressive/highstand systems tracts deposits with no deep-water 
lowstand deposits being developed. Towards the top of Depositional Sequence 2 thin 
(up to 5-10 em) irregular sandstone interbeds representing minor palaeokarsts are 
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preserved that stratigraphically correlate to those described in the upper succession to 
the southwest of the Aravis Chain, e.g. in Combe de la Bella Cha and La Creuse. 
The upper sequence boundary of Depositional Sequence 2 is marked by a minor 
erosional 'pitted' palaeokarstic topography formed during a major period of subaerial 
exposure that tenninated limestone deposition. Dissolution karsts may have ferruginous 
linings and are infilled with calcarenites (Fig. 6.20). Small karstic breccias also occur at 
this boundary surface (Fig. 6.21). The top of the Urgonian is again overlain by 
phosphatic glauconitic greensands. Despite the major depositional hiatus this boundary 
representing the palaeokarst developed at the top of the platform in the Aravis is 
relatively minor, possibly reflecting the prevailing dominantly arid climate. 
In summary two successive transgressive/highstand systems tracts can be 
differentiated in the succession logged in Figure. 6.19 based on changes in microfacies. 
The lower transgressive/highstand deposits represent the top of Depositional Sequence 1 
and its upper sequence boundary is marked by coarse shallow-marine bioclastic debris 
(reworked beach facies?) (microfacies US) directly overlain by the transgressive 
Orbitolinidae bed (microfacies U12c) interpreted as the Lower Orbitolinid beds of 
Arnaud et al. (1987). No karstic surface is developed at this sequence boundary. The 
second transgressive/highstand systems tracts directly overlie the Orbitolinidae beds and 
are interpreted as a second third-order depositional sequence (Depositional Sequence 2). 
No lowstand sediments are present in Depositional Sequence 2. The absence of 
pronounced evidence of prolonged subaerial exposure at the top of Depositional 
Sequence 1 and the absence of lowstand deposits above this sequence boundary with 
instead an immediate return to transgressive systems tract deposition at the base of 
Depositional Sequence 2 indicates a relatively minor/short-lived relative sea-level fall at 
the top of Depositional Sequence 1 followed by a further major marine transgression. 
The upper sequence boundary of Depositional Sequence 2 is marked by a subaerial 
exposure surface that tenninated Urgonian deposition. It is not possible to differentiate 
the transgressive and highstand systems tracts from one another for individual 
depositional sequences in this outcrop with confidence. The difficulties in differentiating 
transgressive and highstand deposits from one another has been discussed elsewhere (e.g. 
Tucker 1993) where changes in the thicknesses of parasequence scale stacking patterns 
have been suggested as a criterion for their differentiation. 
6.2.6 Exposures at Combe de Mont Charvet (Mont Fleuri) (GR. 0925921129) 
In Combe de Mont Charvet the southwestern face of Mont Fleuri is exposed in the 
cliff walls of the combe. Figure 6.22 shows Mont Fleuri viewed looking southwestwards 
along the Aravis Chain. This exposure represents the furthest combe to the northeast of 
the Aravis Chain in which the Megabreccia Horizons and their intervening shallowing-
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Fig. 6.22a,b (a) Combe de Mont Charvet, S.W. face. (b) Interpretative line drawing. Lower and Upper 
Megabreccia Horizons shown by stippled o rnament and grey shad ing respectively The furthest combe to 
the northeast of the Aravis Mountain Chain in which the megabreccia horizons are observed. The Lower 
Aravis Megabreccia Horizon (LAM H) rests with pronounced erosional unconformity above the 
Hauterivian deep water facies which may have been caused during dynamic megabreccia emplacement. 
Variations in weathered colour of the LAMH suggest different sources of origin for individual 
megablocks and that some admixing occurred during sliding. The Upper Aravis Megabreccia is also 
present but it is less easily distinguished due to similarities in weathering co lour with the host sediment. 
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Fig. 6.23 View looking northeast from Mont Charvet along the back of the Aravis Mountain Chain. The 
boundary between the thinly bedded brown-weathered Hauterivian basinal fac ies and pale-grey weathered 
shallow-water Urgonian Platform sensu lata deposits appears to be abrupt, planar bedded and angularly 
concordant. The Aravis Megabrecc ia Hori zons and the 'outer-platform··shallowing upwards sedimentary 
package of parasequences (LST of OS I) observed in the combes to the southwest of the chain are ab ent. 
This boundary therefore represent a major depositional uneonformity (see text for di scussion). 
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upwards parasequences occur (i.e. the lowstand systems tract of Depositional Sequence 
1). The Lower Aravis Megabreccia Horizon sits with pronounced erosional 
unconformity above the Hauterivian deep-water facies boundary which was probably 
formed during dynamic megabreccia emplacement. Note also the very similar weathering 
coloration of the Megabreccia Horizons to their host sediments that make the Upper 
Megabreccia Horizon very difficult to distinguish on the basis of colour alone. The 
. similarities in weathering colour between megabreccias and their host sediments are 
interpreted as indicating a similar grain-rich shallower-water (up-slope) 'inner-platform' 
depositional environment source of origin for the megabreccias and the in situ host 
sediment they were emplaced into. This is interpreted as indicating palaeobathymetric 
shallowing along the chain to the northeast, and that megabreccias have only been 
laterally displaced a short distance from their original depositional environments. 
Figure 6.23 shows the view looking from Mont Charvet to the northeast along the 
back of the Aravis Mountain Chain and reveals a major change in the nature of the 
succession compared to that so far documented. Both the megabreccia horizons and their 
intervening and overlying sediments that constitute the lowstand systems tract of 
Depositional Sequence 1 are absent. The top of the thinly-bedded brown-weathered 
Hauterivian basin facies (bottom-right of picture) is directly overlain by pale-grey 
weathered Urgonian limestone deposits (top-left of figure) interpreted as relatively 
shallow-water deposits. The contact between the planar-bedded Hauterivian and 
Urgonian facies appears abrupt, planar and angularly concordant. There is no obvious 
visual evidence to indicate erosion or unconformity at this boundary. However, the 
absence of the Megabreccia Horizons and other transitional lowstand deposits between 
the deep-water Hauterivian basinal facies and shallow-water Urgonian deposits indicates 
a considerable depositional unconformity is represented at this boundary. 
6.2.7 Exposure at Col des Verts (GR. 0956021150) 
Figure 6.24 shows the cliff exposure at Col des Verts viewed looking southwest down 
the Aravis Chain. This exposure is approximately 2.5 km northeast of the last exposure 
to contain megabreccias and the lowstand transitional sedimentary packages described at 
Mont Charvet (Fig. 6.22). The contact between the brown-weathered Hauterivian basin 
deposits (left of figure) and the overlying uniform pale-grey weathered relatively uniform 
shallow-water Urgonian Platform deposits appears abrupt, planar and concordantly 
bedded. However, the absence of the lowstand systems traer sedimentary package 
containing the megabreccia horizons and the transitional package of shallowing-upwards 
parasequences between the Hauterivian basinal and Urgonian platform facies described in 
the combes to the southwest of the Aravis Chain indicates that this boundary represents a 
major depositional unconformity. This lateral stratigraphic change in the succession can 
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Fig. 6.24 Col des Verts (GR. 0956021150), immediately southwest of Pointe Percee in the Aravis 
Mountain Chain. The contact between the brown-weathered deep water Hauterivian basinal facies (leJt ) 
and the overlying pale grey-white Urgonian platform sensu lata h'j~t:) appears abrupt, planar and 
concordantly bedded. The megabreccia horizons and transitional package of shallowing upwards 
parasequences (interpreted as the LST of OS I) between the basinal and platform facies described in the 
combes further to the southeast in the Aravis Chain are absent. This planar bedded concordant boundary 
may therefore in fact represent a major unconformity relative to the basal succession in the southwestern 
Aravis. The relatively uniform weathering colour of the Urgonian platform sediment above the basal 
contact suggests similar lithologies deposited in a relatively more uniform shallow-water 'inner-platform' 
env ironment compared to that which existed above the Hauterivian to the southwest. 
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be explained by the existence of a low-angle slope dipping broadly to the south. The 
boundary between the Hauterivian basin and shallow-water Urgonian platform sensu lato 
exposed at Col des Verts can be interpreted as representing the more stable, 
topographically higher, up-slope part of the basin that was subaerially exposed during the 
period of relatively low sea-level in which the megabreccia and transitional package of 
parasequences (the lowstand systems tract of Depositional Sequence 1) were deposited 
on the still submerged outer part of the slope. The concordant nature of bedding at this 
boundary represents the effect of subaerial erosion peneplaining the platform prior to the 
deposition of Urgonian limestone when marine transgression reflooded the upper part of 
the slope. This caused the lower depositional profile of the platform to appear as a 
distally-steepened ramp, with a low angle dip to the southwest. This major depositional 
unconformity at the top of the Hauterivian is therefore interpreted as being directly 
overlain by the transgressive systems tract of Depositional Sequence 1 deposited during 
a major relative sea-level rise. Although in all the combes so far described all the bedding 
has appeared concordant when viewed in southwest-northeast trending sections the 
interpretation of the existence of a southwards dipping palaeoslope means that the 
lowstand deposits must have onlapped the top of the Hauterivian at a low angle as 
visualised along a northeast-southwest section through the present day Aravis Mountain 
Chain. 
6.2.8 Exposures at Unnamed combe north of Pointe PerceeJ Pointe de Bella Cha 
(GR. 0927021169) 
Pointe de Bella Cha, north of Pointe Percee is the most north-easterly exposure 
examined within the Aravis Mountain Chain (Fig. 6.25). It is located approximately 2 km 
northeast of Col des Verts. The contact between the deep-water Hauterivian basinal 
facies and the overlying pale-grey weathered shallow-water Urgonian platform again 
appears abrupt, planar and concordantly bedded. The lowstand systems tract of 
Depositional Sequence 1 containing the megabreccia horizons and transitional 
shallowing-upwards parasequences is again absent. This boundary is interpreted as a 
major depositional unconformity directly overlain by transgressive facies at the base of 
Depositional Sequence 1. 
The succession was logged in the unnamed combe to the southwest of Pointe de Bella 
Cha (Fig. 6.26). Computer optimized matrices analysis of petrographic data from this log 
(Fig.5.6A) is interpreted in section 5.3.5.7 as reflecting shallow-marine transgressive/ 
highstand deposits with no deep water lowstand sediments being deposited. 
The lower part of the Urgonian platform succession directly above the Hauterivian 
basinal facies in this log confirms the relatively shallow-water nature of the sediment 
inferred from weathering colour alone at Col des Verts and in the cliff face of Pointe de 
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Fig. 6.25 Pointe de Bella Cha, north of Pointe Percee, (not to be confused with Combe Bella Cha to the 
southwest of the Aravis Chain, see Figure 6.6a) is the most north-easterly exposure examined within the 
Aravis Mountain Chain. The contact between the deep water Hauterivian fac ies and the overlying pale 
grey-white Urgonian platform sensu lata appears abrupt, planar and concordantly bedded. The 
megabreccia hori zons and transitional package of shallowing upwards parasequences (i nterpreted as a 
LST in DS I) between the basinal and platform facies described in the combes in the southeastern part of 
the Aravis Chain are absent. This boundary is therefore interpreted as representing a major unconformity. 
The relatively uniform weathering colour of the Urgonian platform lithologies above the basal contact 
suggest similar litholog ies deposited in a uniform ly shallow-water 'inner-platform' environment. 
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Fig. 6.26 Log of strata immediately above the Hauterivian boundary exposed in the southwest wall of the 
unnamed combe north of Pointe Percce. This strata can be correlated with the Urgonian Platform 
sediments seen in Figure 6.25 (sec text for discussion). 
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Fig. 6.27 Unnamed combe north of Pointe Percee looking southwest at the base of shallower-water 
Urgonian platform sensu lata facies (see log in Fig. 6.26). The base of the succession begins almost 
immediately above the Hauterivian boundary and is dominated by cross-bedded echinoderm rich sand 
deposits (microfacies U 19) which appear to prograde northwest wards . 
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Bella Cha described above. The base of the succession is dominated by coarse cross-
bedded grainstones (Fig. 6.27) (microfacies U19). These deposits are interpreted as 
transgressive sediments deposited during the reflooding of the platform and as such 
correlate to the transgressive systems tract of Depositional Sequence 1. Shallowing-
upward parasequences can be distinguished within the lower succession grading upwards 
from subtidal cross-laminated packstones at their base to intertidal grainstones 
(microfacies U19) and grainstones with fenestrae (microfacies U8). Coral patch reefs 
also occur within this strata. Following the deposition of very shallow bioclastic 
grainstone beach facies containing Orbitolinids and dasycladacean algae (microfacies 
U27) deposition become dominated by coral patch reefs (microfacies Ullb). These are 
in tum followed by very low energy restricted marine 'inner platform' lagoonal deposits 
containing bird's eye fenestrae (U15) and evidence of supratidal exposure. There is then a 
slight increase in energy level with the deposition of peloidal-foraminiferal grainstones 
(microfacies U16a) before the establishment of inner platform rudist facies proper 
(microfacies UlOalb). Overall this log represents a very shallow-marine succession which 
itself broadly shallows upwards. Although it is possible to distinguish changes of energy 
conditions within the succession based on changes in the dominant facies the absence of 
well-developed stratal surfaces or differential weathering patterns make it difficult to 
identify the individual systems tracts. The deposition of Orbitolinidae beach facies 
(microfacies U27) which may contain Charophytes are interpreted as possibly 
representing the upper most deposits of the highstand systems tract of Depositional 
Sequence 1. It is not possible to define authoritatively the boundary between the 
transgressive and highstand systems tracts within Depositional Sequence 1 which may be 
of a transitional nature. The transgressive systems tract of Depositional Sequence 2 may 
be represented by coral patch reef facies, whereas the highstand is dominated by low 
energy 'inner' rudist lagoonal platform facies (microfacies UlOalb). This log terminates at 
a modem erosion surface that may have removed up to several tens of metres of 
Urgonian strata. 
6.2.9 Summary sequence stratigraphic model and conclusions 
The apparently planar concordant and conformable strata exposed in the Aravis Chain 
have been interpreted by identifying lateral changes in the succession between a series of 
northwest-southeast sections through the succession as they are traced southwest to 
northeast along the Chain to produce a sequence stratigraphic model (Fig. 6.28: this 
figure is not to scale and slope angles are highly exaggerated for simplicity of 
presentation). In the proposed sequence stratigraphic model deposition is punctuated by 
repeated minor (parasequence scale) and two major periods of non-deposition during 
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episodes of subaerial exposure caused by relative sea-level fluctuations that define two 
third-order depositional sequences. 
The basal transitional, broadly shallowing-upwards package of individual shallowing 
upwards parasequences and megabreccia horizons that occurs between the Hauterivian 
basinal facies and shallow-water Urgonian platform sensu lato in the southwestern 
Aravis stratigraphically thins and its constituent microfacies bathymetrically-shallow 
laterally as traced progressively northeastward along the Aravis Chain (e.g. the 
sedimentary package at Col des Aravis GR.0919721061-is dominantly pelagic-
hemipelagic; at Combe de Bella Cha GR.0922021090-hemipelagic; at Combe de Grand 
Cret GR.0923021110-relatively shallow-marine (occasionally intertidal?) parasequences; 
Mont Fleuri GR.0924521120- uniformly shallow-marine) disappearing altogether by 
Combe de Mont Charvet further northeast of which the shallow-water Urgonian platform 
sensu lato rests directly above the Hauterivian basinal facies. The lateral stratigraphic 
change in the succession can be explained by the existence of a low-angle slope trending 
northwest-southeast dipping to the southeast that is onlapped by the basal transitional, 
broadly shallowing-upwards sedimentary package containing the megabreccia horizons. 
The sedimentary package containing the megabreccia horizons and transitional 
shallowing-upwards parasequence are interpreted as being deposited on the more 
strongly subsident submerged outer-part of the slope to the southwest during a third-
order lowstand of relative sea-level (Fig.6.28A) that penecontemporaneously subaerially 
exposed the relatively topographically higher and more stable part of the platform to the 
northeast. The sedimentary package containing the megabreccia horizons and transitional 
shallowing upwards-parasequence are interpreted as a lowstand systems tract (LST) as 
part of a third-order depositional cycle of relative sea-level change called Depositional 
Sequence 1 (DS1). The basal sequence boundary of Depositional Sequence 1 is marked 
by a potential depositional conformity above the Hauterivian facies in the southwest that 
grades to a subaerial depositional unconformity as traced to the northeast parallel to the 
line of the Aravis Chain. However, stratal geometries at this boundary in the northeast 
remain planar and angularly concordant giving no visual indication of the presence of a 
major unconformity. In fact the base of the Lower Aravis Megabreccia Horizon, that is 
interpreted as a thin surficial collapse horizon that transported megablocks down the low 
slope and often incises into the underlying strata, marks the basal sequence boundary of 
Depositional Sequence 1 in the southwest of the Aravis Chain. The megabreccia 
horizons are interpreted in detail in section 6.4. 
Deposition on the subaerially-exposed part of the platform to the northeast during the 
third-order lowstand of sea-level was mainly restricted to lacustrine freshwater deposits 
which were themselves later removed by subaerial erosion. However, reworking o{ 
freshwater deposits from these lakes, probably by storms, to the outer marine part of the 
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slope M"'( -~~ f'r~s.L-r....-~ ~ _ calciturbidite deposits in the lowstand systems 
tract of Depositional Sequence 1. The presence of relatively rare reworked microscopic 
rudist fragments in some megablocks of the Megabreccia Horizons in the lowstand 
systems tract suggests that rudist facies may also have developed at times on the 
otherwise subaerially exposed stable platform to the northeast during episodes of short-
lived intermittent flooding caused by small scale 4th-5th sea-level cycles but that these 
deposits in the northeast were completely removed by erosion during prolonged subaerial 
exposure. 
During a subsequent relative sea-level 'rise as part of a third-order cycle (Fig. 6.28B) 
the more stable area of the platform to the present-day northeast was reflooded allowing 
shallow-water carbonate deposition to resume in both the northeast and southwest along 
the line of the Aravis Chain. These deposits are interpreted as the transgressive systems 
tract (TST) and highstand systems tract (HST) of Depositional Sequence 1. However, it 
is not clear whether these shallow-water platform deposits were deposited by 
aggradation everywhere at the same time or by progradation from the northeast to the 
southwest. The absence of obvious clinoforms in the northwest-southeast cross-sections 
exposed in the Aravis might suggest aggradational platform development; however, low-
angle southwestwards dipping clinoforms would appear to be planar bedded in 
northwest-southeast section. 
Depositional Sequence 1 was terminated by a relative sea-level fall that caused 
subaerial exposure across the whole platform and its upper sequence boundary is marked 
by beach facies (microfacies U5) and their correlative 'inner' platform muddy lagoonal 
sediments containing bird's eye fenestrae partially infilled with vadose silt, which are 
overlain by thin Orbitolinidae rich beds (microfacies U12) that correlate to the Lower 
Orbitolinidae beds of Arnaud et al. 1987. This sequence boundary can in be identified 
and traced in some outcrops using stratal stacking patterns revealed by differential 
weathering of the succession. This sequence boundary is directly overlain by shallow-
water transgressive sediments of Depositional Sequence 2 (DS2) but no lowstand 
sediments are present at the base of this new sequence. The absence of lowstand systems 
tract deposits at the base of Depositional Sequence 2 is interpreted as indicating that the 
sea-level fall that terminated Depositional Sequence 1 was comparatively minor and 
followed by another major relative sea-level rise (Fig. 6.28C). Transgressive systems 
tracts and highstand systems tract deposits of Depositional Sequence 2 appear to have 
developed in both the northeast and southwest more or less penecontemporaneously 
indicating that the low-angle slope to the southwest that had existed above the 
Hauterivian basement had been infilled by the lowstand deposits of Depositional 
Sequence 1 and/or become less strongly subsident. The upper sequence boundary of 
Depositional Sequence 2 is marked by a palaeokarst formed during major subaerial 
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exposure resulting from a major third-order relative sea-level fall that marked the end of 
limestone deposition and is overlain by glauconitic greensands containing reworked 
phosphatized ammonites. However, in the Aravis the karstic surface at the top of the 
Urgonian limestone is comparatively minor considering the extent of the sea-level fall it 
records and this possibly reflects arid climatic conditions. Parasequences reflecting fourth 
to fifth order relative sea-level fluctuations are best developed laterally within the 'middle' 
(e.g. Combe de Grand Cret) of the lowstand systems tract of Depositional Sequence 1 
where greater contrasts in microfacies during each individual shallowing-upwards cycle 
are developed than either in the more uniform deeper-marine strata to the south or 
shallower-marine strata to the north. 
In many instances it was not possible to differentiate the transgressive systems tract 
and highstand systems tracts from one another. Shallowing-upwards parasequence scale 
sedimentary cycles are interpreted as resulting from minor fourth to fifth order relative 
sea-level fluctuations superimposed on the third-order cycles. 
6.3 Sequence stratigraphy of the Urgonian Succession as described 
along a line southwest-northeast through the Bargy Mountain Chain 
This section describes stratigraphic sedimentary changes in a series of northwest-
southeast cross-sections through the Urgonian succession exposed in outcrop as traced 
progressively southwest to northeast along the Bargy Mountain Chain and interprets 
them within a sequence stratigraphic context. The outcrops are described below in the 
order they occur as traced form the southwest to northeast. Roc des Tours (GR. 
0916021219) is the furthest southwestern outcrop described and Col d' Encrenaz (GR. 
0922021 090) the most northeastern exposure described. For individual outcrop locations 
refer to Figs 5.1i, 5.1ii, 5.2 and 5.3a. All grid references to locations refer to Institut 
Geographique National, 1: 25 000, La Clusaz-Grand Bomand, 3430 ET, Top 25. 
6.3.1 Exposure at Roc des Tours (GR. 0916021210) 
Figure 6.30a,b shows a northwest-southeast section through the Bargy mountain 
exposed in the cliff face at Roc des Tours viewed looking northeast along the axis of the 
Grande Bargy from Le Planay. Above the mainly grass-covered Hauterivian basinal 
facies a transitional broadly shallowing-upwards sedimentary package of nine individual 
shallowing-upwards parasequences can be distinguished before the more massive white-
grey weathered shallow-water Urgonian platform proper. The transitional shallowing-
upwards package is weathered into a pattern of discreet "steps" each of which is 
interpreted using microfacies analysis as representing a shallowing-upwards 
parasequence. A log through this transitional shallowing-upwards sedimentary package 
labelled A-B in Figure 6.30b is shown in figure 6.31. From parasequence 1 (PSI) to 
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Fig. 6.29 Roc de Tours and Roc Charmieux seen looking northeast from the top of Montagne des Auges . 
The boundary between the basal transitional shallowing-upwards package of parasequences and the 
Urgon ian platform proper appears to show a very slight angular discordance. The lower package may 
represent the LST of DS I, whilst the discordantly overlying strata may represent the TST/HST of DS I 
and DS2 (see text for discussion) . 
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Fig. 6.30a,b Facing pages (a) Roc des Tours (GR. 0916021210), viewed looking northeast from Le 
Planay. (b) Interpretative line-drawing. This exposure forms a cross-section perpendicular to the trend of 
the Bargy Mountain Chain. Above the deeper water Hauterivian basinal facies in the bottom foreground a 
transitional series of shallowing upwards sedimentary cycles (parasequences) which weather as discreet 
'steps' can be distinguished (A-Bin log Figure 6.31) prior to the white-weathered shallow water Urgonian 
platform proper. Approximately nine parasequences can be differentiated in this sedimentary· package. 
These parasequences thicken as traced to the southeast indicating a possible depositional slope towards 
the southeast. The top surfaces of the upper-most shallowing upwards parasequences within this 
transitional package display macroscopic evidence of subaerial exposure such as iron stained terra rossa 
deposits in filling burrows (Fig. 6.32). No obvious megabreccia horizons are observed within the 
transitional stratal package comparable to those described in the basal sections of the southwestern Aravis 
Chain. However, towards the top of this transitional shallowing upwards package convoluted bedding 
(Fig. 6.35) and diagenetic doggers (Fig. 6.34) occur. These are interpreted as forming in response to a 
short lived period of gravitational instability that correlates with the formation of the Upper Aravis 
Megabreccia in the Aravis Mountain Chain. The lower transitional part of the succession is interpreted as 
correlating with the Lowstand Systems Tract of Depositional Sequence 1 in the southwestern Aravis 
Chain. 
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Fig. 6.31 Log through the transitional package of shallowing upwards parasequences at the base of the 
Urgonian succession at Roc des Tours (GR. 0916021210). The line of this log is labelled A-Bon Fig. 
6.30b. Approximately nine parasequences can be recognised within this stratal package. Despite the 
absence of obvious megabreccia horizons this stratal package is interpreted as corresponding to the LST 
of DS I described in the southwestern part of the Aravis Chain (see text for discussion). 
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Fig. 6.32 Roc des Tours . Burrows in fi lled with dolomite and terra rossa at the top of a shall owing 
upwards parasequence (Paraseq uence 7 , log: Roc des Tours, Fig. 6.3 1) towards the top of the transitional 
shallowing upwards sedimentary package (LST of DS I) before the Urgonian platform proper, indicating 
subaerial exposure at the top of a shallowing upwards cycle. 
Fig. 6.33 Roc de Charmieux . The modern day limestone pavement on the penep lained fl atte ned top of 
Roc de Charmic ux (Fig. 6.29) reveal s ev idence of an ancient subaeri al exposure surface (microfacies 
U45). Biopc lsparite Urgo ni an Limes tone c las ts occur within a fin ely laminated quart z-do lomite matrix 
that ca n be traced across the top of the ex posure. Faulting makes it d iffic ult to stratigraphically position 
this pa laeokars t with confidence but it may co incide with that descri bed in Fi gs 6.30, 6.3 1 and 6.32 at Roc 
des Tours, or occur at the top o f the shall owing upwards transitional package (LST of DS I) at the base of 
the platform. Co in for sca le at base o f pic ture. (see text for discuss ion). 
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Fig. 6.34 Roc des Tours, viewed looking northeast along the line of the Bargy Mountam 
Diagenetic dogger at the top of the shallowing upwards sedimentary package of parasequences prior to 
the Urgonian platform proper (see Fig. 6.30b and 6.31 for stratigraphic location) . Diagenetic doggers at 
this horizon in the Bargy Chain are interpreted as having formed at the same time as platform collapse 
in the Aravis Mountain Chain created the Upper Aravis Megabreccia, possibly in response to seismic 
shaking. Maurice Tucker for scale. (see text for discuss ion). 
Fig. 6.35 Roc des Tours. Convoluted bedding indicating soft sediment deformati on at the top of the 
shallowing upwards package of parasequences before the Urgonian platform proper (Parasequence 9 in 
Fig. 6.30b and log of Roc des Tours Fig. 6.3 1 ). Soft sediment deformation at this hori zon in the Bargy 
Chain is interpreted as having occurred at the same time as platform co ll apse formed the Upper Aravis 
Megabreccia in the Aravis Mountain Chain (see text for di scuss ion) Verti cal fie ld of view is 
approximately 6-7 metres. 
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parasequence 6 (PS6) the transitional package progressively shallows upwards from 
subtidal outer-shelf mudstones and grrunstones rich in sponge spicules (microfacies U2), 
into coarse cross-laminated grainstones (microfacies U19) and ending up at the top of 
parasequence 6 as high energy oolitic ~(Q.eKl. ""r- bearing sands (microfacies U9). The 
upper surface of parasequence 6 shows evidence of subaerial exposure with terra rossa 
and dolomite infilling burrows (Fig. 6. 32). A palaeokarst is also present on the modem-
day eroded flat top of the adjacent Roc des Charmieux (Fig 6.33) which may correlate 
with that at the top of parasequence 6, however, there is very poor stratigraphic control 
at Roc Charmieux due to faulting and it may occur stratigraphically higher up in the 
pc»S,\.1.... ~ 
shallow-water platform proper. ThejPresence of Charophytes in parasequence 6~ndicat~ 
some reworked sedimentary input from non-marine lacustrine environments, and as in 
section 6.2 ·: indicating local development of freshwater lakes in 
depressions on top of the subaerially-exposed platform that were perhaps situated to the 
modem-day northeast. Parasequences 7 and 8 are dominated by wackestone and 
packstone deposits (microfacies U20) indicating marine reflooding and the development 
of open-marine conditions following exposure at the top of parasequence 6 during a 
fourth-fifth order relative sea-level rise. Parasequence 9 (PS9) contains fine-grained 
skeletal hash-peloidal packstones which again contain green algae 
(microfacies U7c) j .... ~-e.s~.~ renewed input from non-marine lakes that were re-
established on the re-exposed platform-top. Coral patch reefs may also be developed 
within this parasequence. As traced towards the southeast of the exposure parasequence 
nine shows evidence of soft-sediment deformation and gravitational instability in the 
form of convoluted bedding (Fig. 6.34) and diagenetic doggers (Fig.6.35). This evidence 
of gravitational instability may stratigraphically correlate with the formation of the Upper 
Aravis Megabreccia Horizon in the southwestern part of the Aravis Mountain Chain. 
However, there is no evidence of gravitational instability and sediment reworking in the 
lower part of this sedimentary package that could be correlated with the Lower Aravis 
Megabreccia Horizon. 
Overall the transitional, broadly shallowing-upwards package of individual shallowing-
upwards parasequences beneath the platform appear to thicken as traced to the southeast 
possibly reflecting an original low-angle palaeoslope dipping broadly to the southeast 
(Fig 6.30). There may also be a slight angular discordance in bedding between the top of 
the transitional shallowing-upwards sedimentary package and the overlying platform 
proper (Fig. 6.30). This angular discordance suggesting possible unconformity between 
the platform proper and the underlying transitional shallowing sedimentary package may 
also be seen when viewing Roc des Tours obliquely from a distance (Fig. 6.29). 
The transitional package of shallowing-upwards parasequences above the Hauterivian 
and below the comparatively uniformly shallow platform proper is interpreted as 
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correlating to the lowstand systems tract of Depositional Sequence 1 with evidence of 
instability in parasequence 9 lat~rally correlating with the formation of the Upper Aravis 
p .. 5S•b~ 
Megabreccia Horizon. The/Presence of non-marine Charophyte bearing deposits within 
this stratal package : rn''t ~ evidence for coeval subaerial exposure of the 
platform in topographically relatively higher and more stable parts of the platform to the 
northeast where fresh-water lacustrine environments developed during a period of 
comparatively low relative sea-level. Fresh-water sediments were then probably washed 
into the submerged more strongly subsident downslope parts of the platform to the 
southeast by storms or during fourth-fifth order sea-level rises that periodically flooded 
and then re-exposed the stable platform in the north. The overall transitional stratigraphic 
shallowing-upwards nature of the lowstand systems tract and greater evidence for 
subaerial exposure at the tops of the upper parasequence cycles may reflect infilling of 
the basin and/or a decrease in the rate of tectonic basin subsidence in the southwest. 
The possible angular discordance at the top of the lowstand systems tract may indicate 
a shift in the site of sediment accumulation back to the newly reflooded platform-top 
situated to the northeast during a relative sea-level rise (TST/HST). The transgressive 
systems tract may then have prograded southwestwards as low-angle clinoforms that 
onlapped the top of the lowstand systems tract. 
6.3.2 Exposure at Le Buclon (GR. 0917721173) 
Figure 6.36a,b shows Le Buclon viewed looking northeast parallel to the axis of the 
Bargy Chain. The lower transitional package of parasequences described at Roc de 
Tours is situated approximately 2km to the southwest and interpreted as representing the 
lowstand systems tract of Depositional Sequence 1 can again be distinguished at Le 
Buclon by its distinct differential weathering profile between the top of the mainly grass-
covered Hauterivian basinal facies and the relatively shallow-water Urgonian platform 
proper. The lowstand systems tract deposits appear thinner relative to those described at 
Roc des Tours although appearing of uniform thickness as traced northwest-southeast 
within the cliff face. Individual shallowing-upwards parasequences can be distinguished 
in the lowstand systems tract but because of the greater degree of grass cover it is not 
possible to determine if stratigraphic thinning reflects a decrease in the number of 
parasequences present or results from individual thinning of the same number of 
parasequences. Lateral thinning of the lowstand package between the exposure at Roc 
des Tours and at Le Buclon is interpreted as reflecting stratal thinning of deposits 
onlapping a low-angle slope as traced progressively up-slope to the northeast, similar to 
the slope interpreted as having existing in the modem-day Aravis Mountain Chain. If this 
were the case a decrease in the number of parasequences as traced progressively to the 
northeast in the lowstand systems tract of Depositional Sequence 1 might be expected. 
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Fig. 6.36a,b Facing pages (a) Le Buclon, viewed looking northeast. (b) Interpretative line-drawing. This 
exposure forms a cross-section perpendicular to the trend of the Bargy Mountain Chain northeast to that 
described at Roc des Tours. Above the brown-weathered deep-water Hauterivian basin facies in the 
bottom foreground a transitional series of shallowing upwards sedimentary cycles (parasequences) which 
have been weathered to appear as discreet 'steps' can again be distinguished beneath the white-weathered 
shallow water Urgonian platform proper. This shallowing upwards sedimentary package appears thinner 
than the corresponding transitional shallowing upwards package described within the Bargy Chain to the 
southwest at Roc des Tours. Cross-laminations observed within the transitional· parasequences indicate 
apparent sediment transport hy weak marine currents to the southeast (Fig. 6.37). The more massive area 
within an otherwise thinly bedded parasequence almost at the base of the transitional stratal package 
(circled and arrowed in the interpretative line drawing) may represent an olistolith or dogger (see Figs 
6.38 and 6.39) formed by sedimentary instability. If so it may have been formed during an episode of 
sedimentary agitation that correlates to that which triggered the formation of the Lower Aravis 
Megabreccia Horizon. The top of the transitional package of shallowing upwards parasequences is marked 
by a major breccia horizon 2-3 metres thick (Figs 6.40 and 6.4la,b). Bedding can be intermittently traced 
in this horizon. Displacement and lateral transport of the breccia clasts appears to have been relatively 
small. Red iron staining is also common in the breccia. This breccia horizon is interpreted as having been 
formed during a period of gravitational instability and sediment reworking, possibly during a period of 
subaerial exposure within the Bargy Chain, that correlates with the formation of the Upper Aravis 
Megabreccia Horizon in the Aravis Mountain Chain. Collectively this basal sedimentary package is 
interpreted as representing the LST of DS 1. In the white-weathered Urgonian platform proper, bedding 
appears to have a low angle dip towards the southeast possibly indicating a low angle slope and platform 
progradation towards the present-day southeast. However this may just be a facet of perspective distorting 
planar bedding. Man circled for scale in the bottom left foreground. 
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Fig. 6.37 Le Budon. Cross-laminations in a parasequence belonging to the transitional package of 
shallowing upwards parasequences (LST of OS l ) prior to the Urgo nian shallow water platform proper 
indicating weak marine-currents (see Fig. 6.36 for stratigraphic position). Apparent sediment transport is 
to the present day southeast. 
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Fig. 6.38 Le Buc lon. Close-up picture of possible olistolith or diagenetic dogger shown in Fig. 6.36 within 
transitional shallowing upwards parasequences package (LST of DS I ). The potential olistolith appear 
internally massive whilst the enclosing sediment is thinly bedded. This "olistolith" may have been formed 
at the same time as platform instability in the Aravis Mountain Chain created the Lower Aravi s 
Megabreccia Horizon. In the background the poss ible clinoformal nature of bedding surfaces can be seen, 
suggesting apparent progradation to the present day southeast. 
abrupt nature of the change from thi nly bedded "enclo ing" sed iment to internally featureless and massive 
strata may indicate the onlapped side of an olistolith (megablock). 
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Fig. 6.40 Le Buclon. Breccia hori zo n at the top of the transitional sedimentary package of shallowing 
upwards parasequences prior to the Urgonian shallow water platform proper (see Fig. 6.36 for location 
and stratigraphic position). This hori zo n may have formed during the same period of instabi lity that 
produced the Upper Aravis Megabrecc ia Hori zon in the southwestern part of the Aravis Chain. 
(a) 
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Fig. 6.41a,b Le Buclon. Detail of breccia horizon at the top of the transitional sedimentary package of 
shallowi ng upwards parasequences prior to the Urgonian shallow water platform proper (see Figs 6.36 and 
6.40 for location). (a) Butterfly and geological hammer for scale. (b) Geological hammer for scale. 
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Part of the lowstand package lowered by faulting beneath the base of the Hauterivian-
Urgonian sensu lato contact contains comparatively coarse-grained cross-lamination 
indicating a degree of current agitation in the lowstand package with an apparent marine-
current transport direction to the modern-day southeast (arrowed and labelled 'cross-
lamination' in interpretative line drawing 6.36b). 
In the basal parasequence sitting directly over the Hauterivian boundary proper a more 
"massive" area within otherwise thinly-bedded sediment appears to be onlapped by the 
enclosing sediments (Fig. 6.36a, also circled and labelled "olistolith?" in line drawing 
shown in Fig. 6.36b). This may represent an onlapped megablock (olistolith) or 
diagenetic dogger formed during gravitational instability that correlates to the Lower 
Megabreccia Horizon in the Aravis Chain. Closer views of this potential megablock are 
shown in Figure 6.38 with the abrupt change from thinly bedded to massive sediment to 
the left hand side of the potential megablock highlighted in Figure 6.39. However, this 
evidence is not totally conclusive with fracturing and differential weathering being other 
potential causes of this apparent change from thinly to massively bedded. 
At the top of the transitional package of parasequences representing the lowstand 
systems tract just before the shallow-water platform proper a breccia horizon occurs 
indicating gravitational instability (its position is arrowed and labelled in the 
interpretative line drawing of 6.26b as "breccia horizon"). The breccia horizon is shown 
in closer detail in Figures 6.40 and 6.41 a, b. Breccia clasts are typically between 0.1 to 
0.5 metres in diameter and occur within a finer disaggregated matrix which appears to 
flow around individual breccia clasts. The finer matrix is interpreted as the high pore 
pressure sediment in which the lithified clasts were rafted along during gravitational 
instability. Breccia clasts appears to float within the matrix implying that although the 
matrix had greatly reduced shear strength it did not undergo complete liquefaction 
retaining enough shear strength to be able to support clasts during transport. Although 
much smaller in scale this breccia horizon is interpreted as having formed during the 
same period of instability that formed the Upper Aravis Megabreccia Horizon in the 
lowstand systems tract of Depositional Sequence 1 within the southwestern Aravis 
Range. Red iron staining towards the top of the breccia horizon is interpreted as 
indicating possible subaerial exposure. 
Above the transitional shallowing-upwards sedimentary package of parasequences the 
white-weathered platform proper may contain very low-angle clinoforms suggesting 
apparent progradation from the northwest. However, the possible dip in bedding in the 
upper platform appearing as low angle clinoforms is so subtle that they may just be a 
facet of perspective. 
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6.3.3 Exposures in Pic de Jallouvre (GR. 0919121190) 
At Pic de Jallouvre, approximately 1.2 km further along the Bargy Mountain Chain 
relative to Le Buclon, there is a major change in the nature of the succession (Figs 6.42, 
6.43). At Pic de Jallouvre the transitional sedimentary package of shallowing-upwards 
parasequences representing the lowstand systems tract of Depositional Sequence 1 is 
absent and white-grey weathered shallow-water platform deposits sit directly above the 
Hauterivian basement. The contact between the Hauterivian and the shallow-water 
platform facies appear abrupt, planar and concordant with no obvious visual evidence to 
suggest unconformity. However, at the boundary microfacies analysis reveals a thin 
horizon relatively enriched in quartz and glauconite (microfacies U43) (Fig. 6.42). This 
horizon is interpreted as indicating a period of subaerial exposure causing a carbonate 
depositional hiatus at the top of the Hauterivian basinal facies at Pic de Jallouvre during a 
comparatively low stance of relative sea-level at the same time as continued deposition of 
lowstM~ sediments down-slope in a more strongly subsident part of the platform located 
to the present-day southwest and preserved in the exposures at Roc des Tours and Le 
Buclon. Thin chert horizons (on average 5 em thick) also occur towards the top of the 
Hauterivian deposits possibly representing increased dissolution of sponge spicules and 
other siliceous organisms during episodes of subaerial exposure. The Hauterivian 
basement is therefore directly unconformably overlain by the transgressive sediments of 
Depositional Sequence 2 deposited following major reflooding of the more stable part of 
the platform. 
A log of the succession at Pic de Jallouvre is shown in Figure 6.42. 
The lower part of the succession is dominated by skeletal hash-peloidal packstone 
deposits which contain J(~ ~ (Microfacies U7c) interbedded with pink weathered 
massive dolomite/dedolomite horizons. These facies are interpreted as shallow-marine 
transgressive deposits that incorporated reworked freshwater lacustrine sediments that 
had been deposited in topographic depressions on the platform-top during the previous 
low stance of relative sea-level. They are stratigraphically followed by coral patch reefs 
wackestone lagoonal deposits (microfacies Ullb). These microfacies are followed by 
high energy oolite grainstones-packstones containing a~ J~: interpreted as 
reflecting a relative fall in sea-level (microfacies U9b) and renewed non-marine 
sedimentary input from fresh-water lakes that were possibly located in the present-day 
northwest. There is then a return to marine patch reef facies that alternate cyclically up 
stratigraphy from low-energy wackestone lagoonal facies (microfacies Ullb) to high 
energy grainstone sandy lagoonal facies (microfacies Ulla) interpreted as reflecting 
fourth-fifth order sea-level cycles or storm deposits. Well-sorted rounded skeletal 
grainstone intertidal beach facies occur within the top of patch reef strata (microfacies 
U25). These deposits are stratigraphically followed by the deposition of Urgonian facies 
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Fig. 6.42 Log of succession at Pic de Jallouvrc (GR. 0919121190), shown in Fig. 6.43. The log begins 
just below the upper boundary of the Hauterivian. The transitional package of shallowing upwards 
parasequences described to the southwest of the Barge at Roc des Tours and Buclon are absent and 
shallow water platform facies directly overly deep water basinal Hauterivian facies. Two successive 
TST/HST can be differentiated using microfacies. The Lower TST/HST belongs to the top of DS I, and 
the upperTST/HST comprises DS2 (sec text for discussion). 
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F ig. 6.43 Pic de Jallouvre (GR. 0919121190), viewed looking southwest along Col des Rasoir parallel to 
the northeast-southwest axial trend of the Bargy Mountain Chain. The contact between the brown-
weathered deeper water Hauterivian facies f.r·~) arJd the overlying pale grey-white shallow marine 
Urgonian platform sensu lata (le.H ) appears abrupt, planar and to be concordantly bedded. The 
transitional package of outer-platform shallowing upwards parasequences described between the deep-
water marine basin and the shallower water platform facies proper in the southwestern part of the Bargy 
Chain at Roc des Tours and Le Buclon are absent. This is interpreted as indicating that this boundary 
represents a major unconformity that forms the basal sequence boundary of DS I (see text for discussion). 
The log of this succession is shown in Fig. 6.43. Man crossing the Col de Rasoir to the bottom-right of the 
picture (arrowed) for scale. 
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sensu stricto (rudist facies-microfacies UlOb). Midway through the rudist succession a 
microbial mud clot grainstone facies containing drip and meniscus spar occurs 
(microfacies U26alb) interpreted as possibly representing an abandoned former intertidal 
vadose 'inner platform' beach deposits that became stranded and increasingly subaerially 
exposed during marine regression. These sediments are stratigraphically followed by high 
energy rudist lagoonal sediments with grainstone-packstone lime-sands. Within the upper 
part of the succession thin horizons of skeletal hash-peloidal packstone deposits which 
contain ~f'W'l. T (microfacies U7c) occur and are interpreted as forming in response 
to small-scale possible fourth-fifth order relative sea-level falls during which lacustrine 
environments were re-established. The top of the platform is marked by a modem 
erosion surface and the upper contact with the phosphatic greensands is not preserved. 
The whole succession reflects shallow-water energy conditions interspersed with cyclical 
episodes of short-lived subaerial exposure during fourth to fifth order relative sea-level 
fluctuations. The repeated appearance of .:.~, .... ~ ... \0~ '. bearing horizons during 
relative sea-level falls in the northeastern Bargy at Pic de Jallouvre is interpreted as 
indicating that the platform in the Bargy was more stable and topographically higher then 
the stable platform area located in the northeastern Aravis and consequently 
comparatively bathymetrically shallower when flooded. Lacustrine sedimentation was 
therefore more readily re-established for comparatively smaller scale relative sea-level 
falls than elsewhere on the platform. 
Within the rudist facies although parasequence scale cycles are undoubtedly present 
their exact boundaries are only easily identified using microfacies analysis of tightly 
spaced samples as no obvious karsts are developed. The possible position of the 
sequence boundary between Depositional Sequence 1 and Depositional Sequence 2 may 
be marked by the deposition of beach facies that occurs at either microfacies U25 or 
microfacies U26, but it is difficult to place this boundary with any certainty (see log Fig. 
6.42). What can be stated with confidence is that above the Hauterivian boundary at Pic 
de Jallouvre no lowstand deposits comparable to those at Roc des Tours and Le Buclon 
were developed and that consequently the basal sequence boundary of Depositional 
Sequence 1 is marked by a major depositional (subaerial) unconformity despite its 
apparent planar concordantly bedded appearance. 
6.3.4 Exposures observed in Col des Balafrasse including Pointe Blanche (GR. 
0919021190) and Pointe du Midi (GR. 091921197) 
Pointe Blanche is located 0.6 km to the northeast of Pic de Jallouvre and is shown 
looking northwest parallel to the Bargy Chain in Col des Balafrasse (Fig. 6.44a,b ). In this 
exposure the unconformable nature of the Hauterivian boundary with the shallow water 
Urgonian Platform sensu lato to the northeast of the platform is visually discernible for 
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Fig. 6.44a,b Facing pages (a) Pointe Blanche viewed looking southwest across Col de Balafrasse. (b) 
Interpretative line-drawing. The boundary between the brown-weathered Hauterivian basin facies and the 
overlying white-grey weathered relatively shallow-water Urgonian platform sensu lata is marked by a 
pronounced angular unconformity (arrowed in interpretative line drawing (b)). The irregular topography 
that marks the top surface of the Hauterivian deeper water basinal facies is infilled and onlapped by planar 
bedded shallow water-marine Urgonian platform sediments that subdue the irregular top-Hauterivian 
topography. In places megablocks within a pink-brown coloured (dedolomitized?) matrix (shaded grey in 
the interpretative line drawing) sit ontop of the Hauterivian boundary surface. The sea-floor topography 
created by the megablocks is also onlapped and subdued by shallow water Urgonian platform sediments. 
No transitional package of shallowing upwards parasequences (LST of DS1) that could be 
stratigraphically correlated to those described in the southwest of the Bargy mountain chain at Roc des 
Tours (Fig. 6.30 ) and Le Buclon (Fig. 6.36) can be distinguished at Pointe Blanche between the 
Hauterivian basinal facies and the Urgonian platform facies. The megablocks and angular unconformity at 
this boundary are interpreted as representing a subaerial erosional topography at the top of the Hauterivian 
deep water facies formed during a sustained period of subaerial exposure. This subaerial exposure surface 
forms the lower sequence boundary of DS 1. During this (net) episode of subaerial exposure of the inner 
platform in the northeast of the Bargy Chain marine sedimentation continued in the southwest of the 
Bargy and Aravis Mountain Chains depositing the transitional shallowing upwards parasequence 
sedimentary package (LST of DS 1 ). This irregular topography was subsequently infilled by shallow water 
carbonate sedimentation during relative sea-level rises and the deposition of the a TST/HST at the top of 
DS 1 (see text for discussion). 
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Fig. 6.45 Pointe du Midi seen looking northeast from the ridge of Pointe du Balafrasse along the back of 
the axial trend of the Bargy Chain. This view looks exactly 180° the other way from the view shown in 
Fig. 44. The boundary between the brown-weathered Hauterivian deep water facies and the pale-grey 
weathered Urgonian shallow water platform sensu lato appears to be angularly concordant with no visual 
evidence to indicate an unconformity at the boundary. This contrasts dramatically with the angular 
unconformable nature of thi s boundary observed in Fig. 6.44. 
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the first time being marked by a major angular unconformity. The top of the Hauterivian 
deposits are marked by an erosion topography that includes megabreccia boulders 
interpreted as debris eroded from the subaerialy exposed platform-top. This irregular 
topography is interpreted as having formed during prolonged subaerial exposure and 
erosion at the top of the Hauterivian. Lacustrine deposits such as those described at Pic 
de Jallouvre probably originally developed on the subaerially exposed platform-top in 
erosional depression similar to these. This topography is subdued and inftlled by 
onlapping planar-bedded shallow-water Urgonian Platform sensu lato deposits. The 
brown-pink coloured matrix between debris megabreccias may be more micritic strata, or 
represent dedolomite which has regularly been observed to have this weathering 
coloration elsewhere in the Urgonian platform during this study. At Pointe Blanche the 
basal sequence boundary between the Urgonian shallow-water deposits as represented by 
the transgressive systems tract of Depositional Sequence 1, is marked by a major 
subaerial erosional angular unconformity. 
However, looking northeast in Col des Balafrasse along the back of Pointe du Midi 
this same boundary appears entirely angularly concordant with no visual indication of any 
depositional unconformity (Fig. 6.46). This is significant as it shows that this major 
unconformity at the top of the Hauterivian strata located to the northeast of the field 
area may be present even though no obvious angular or erosional unconformity is 
observed. This supports the earlier interpretation of the basal Urgonian platform sensu 
lata-Hauterivian boundary in the northeastern part of the Aravis Chain as representing a 
major depositional unconformity, which was partially inferred by the absence of the 
lowstand systems tract of Depositional Sequence 1, despite its apparent uniformly planar 
and concordantly bedded nature and lack of palaeokarst. 
6.3.5 Exposure at Servagin (GR. 0921921208) 
At Servagin a northeast-southwest section is exposed through the southern limb of 
the Grand Bargy anticline and is shown looking northeastwards parallel to the axial trend 
of the anticline in Figure 6.46. This outcrop shows the unconformable boundary between 
the Hauterivian and basal Urgonian sensu lato (the transgressive systems tract of 
Depositional Sequence 1) and highlights how this major sequence boundary changes 
from showing obvious visual angular unconformity (to the right of the picture) to 
appearing as an apparent planar and concordant boundary that give no obvious indication 
of its unconformable nature as it is traced laterally (to the left of the picture). This 
supports the interpretation of this boundary as a sequence boundary formed by a major 
period of subaerial exposure in the more stable northeastern parts of the platform in both 
the Aravis and Bargy Mountain Chains where the boundary may show no obvious visual 
evidence for being an unconformity. 
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Fig. 6.46 Northwest-southeast section through the southeastern limb of the Grande Bargy anticline 
exposed at Servagin viewed looking northeast parallel to the axial trend of the anticli ne. The picture 
shows the contact between the deeper water Hauterivian basin fac ies and the shallower water grey-
weathered Urgonian platform sensu lata facies. To the right of the picture the contact is unconformab le 
with shallower water sed iment in fi lling an irregular topography at the top of the Hauterivian . This 
topography is interpreted as having been formed by erosion during subaeri al exposure forming a major 
sequence boundary that defines the base of OS I . However, as traced to the left this boundary surface 
becomes concordantly bedded to the strata above and below and the unconformable nature of the contact 
is no longer visuall y discernible . This is important as it provides evidence that although in many areas the 
Hauterivian bas inal facies-Urgo nian Platform sensu lata boundary appears to be represented by a planar 
concordantly bedded surface a major unconformity may sti ll be present at the boundary e.g. Fig. 6.45 . 
Tree for scale to ri ght of sky line approximately I 0 metres in height. 
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Fig. 6.47 Log at Cold' Em:renaz (GR. 0922021090). At this lo~.:ation shallow-water rudist rich facies 
directly overly the Hauterivian deep-water basinal micritic sediments. Although this stratigraphic 
boundary appears planar and concordant it represent a major depositional unconformity that forms the 
basal sequence boundary of OS I. The occurrence of Orbitolinidae beds marks the upper-sequence 
boundary of OS I. OS2 displays no LST. OS I is directly overlain by the TST/HST of OS2. See text for 
discussion. 
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6.3.6 Exposure at Cold' Encrenaz (GR. 0922021090) 
Col des Encrenaz is the most northeasterly section logged through the platform in the 
Bargy Chain described in this chapter (Fig 6.47). The upper Hauterivian boundary (lower 
sequence boundary of Depositional Sequence 1) is directly overlain by very shallow-
water low energy inner platform mudstone-wackestone deposits containing rudist bivalve 
fragments, speckled dolomite and bird's eye fenestrae some of which are infilled with 
meteoric vadose silt (microfacies U15). Rudist fragments become progressively more 
abundant and ubiquitous up-stratigraphy (microfacies UlOc). Towards the top of the 
exposure the occurrence of Orbitolinidae grainstone horizons (microfacies U12c) is 
interpreted as possibly stratigraphically correlating with the Lower Orbitolinidae Beds of 
Arnaud et al. ( 1987), and interpreted as recording the sequence boundary between 
Depositional Sequence 1 and Depositional Sequence 2. There is no clear sedimentary 
criterion to allow the transgressive systems tract and highstand systems tract to be 
differentiated from one another in Depositional Sequence 1 and the boundaries between 
the transgressive and highstand systems tracts inferred only from changes in microfacies 
marked on the succession in Figure 6.47 are speculative. The top of the succession is 
marked by a modem erosion surface and only the basal part of Depositional Sequence 1 
is preserved. 
6.3. 7 Summary sequence stratigraphic model and conclusions 
The Urgonian succession sensu lato as traced southwest to northeast along a section 
line linking a series of northwest-southeast cross-sectional exposures in the Bargy 
Mountain Chain can be interpreted as being similar to the sequence stratigraphic model 
already developed along the Aravis Chain and is illustrated in Figure 6.48 (This figure is 
not to scale and the slope angle is highly exaggerated for reasons of presentation). 
The basal shallowing-upwards sedimentary package, composed of individual 
shallowing-upwards parasequences that represent a transition from hemipelagic to 
intertidal deposits, that occurs stratigraphically between the top of the Hauterivian facies 
and the uniform white-grey weathered relatively uniform shallow-water platform proper, 
described to the southwest of the Bargy Chain (e.g. at Roc des Tours GR.0916021210) 
appears to thin and its constituent microfacies palaeobathymetrically shallow as traced 
laterally to the northeast (e.g. Le Buclon GR. 0917721173) and is completely absent by 
as far northeast as Pic de Jallouvre (GR. 0919121190). This sedimentary package is 
interpreted as correlating to the lowstand systems tract of Depositional Sequence 1 (Fig. 
6.48a) deposited on the more subsident 'outer-part' of a low angle slope that dipped 
broadly to the southwest during a low stance of relative sea-level that 
penecontemporaneously subaerial exposed the topographically higher and tectonically 
more stable area of the platform located to the northeast (of Pic de Jallouvre). The stable 
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area to the northeast experienced subaerial erosion with deposition limited to fresh-water 
lakes developed in minor topographic depressions probably themselves originally formed 
by subaerial erosion or dissolution. Storms or fourth-fifth order relative sea-level cycles 
causing intermittent minor flooding followed by re-exposure of the platform swept fresh-
water sediment as mass flows basinward where they are preserved oS 
. calciturbidite interbeds within the deep-water deposits of the 
lowstand systems tract. Overall the south-west platform profile during the deposition of 
the lowstand systems tract appears to have resembled a distally-steepened ramp, with the 
inner ramp subaerially exposed. The lowstand systems tract in the Bargy Chain overall 
appears to be slightly palaeobathmetrically shallower compared to the corresponding 
deposits in the Aravis Chain. Although megabreccias are not developed on the same 
scale as in the southwestern Aravis soft sediment slumping, convoluted bedding,· 
diagenetic doggers and breccia horizons at discreet horizons within this sedimentary 
package can be stratigraphically correlated to the Upper and Lower Aravis Megabreccia 
Horizons although the lower gravitational instability event is poorly represented, with 
evidence for its existence in the Bargy being debatable. This more limited evidence of 
gravitational instability indicates that the deposits preserved in present-day Bargy Chain 
were located further away from the epicentre of catastrophic surficial collapse. 
During marine transgression the 'inner' platform to the northeast was flooded and 
carbonate production resumed depositing the transgressive systems tract and highstand 
systems tract of Depositional Sequence 1 (Fig. 6.48). In the northeast of the Bargy Chain 
the transgressive systems tract of Depositional Sequence 1 directly overlies the top of the 
Hauterivian deposits. The lower sequence boundary of Depositional Sequence 1 changes 
as traced laterally from the more strongly subsident outer slope in the southwest to the 
more stable inner platform to the northeast from being conformable to representing a 
major subaerial unconformity. The unconformable nature of the basal sequence boundary 
of Depositional Sequence 1 in the northeast of the field area that could only be inferred 
in the Aravis Chain can in places in the Bargy be visually identified by angular 
unconformity and the onlapping and infilling of an irregular erosional topography at the 
top of the Hauterivian sediments (e.g. Pointe Blanche GR. 0919021190 and Servagin 
GR. 0921921208). po~J..Jlr. 
The more frequent occurrence or/non-marine sediments 
;--. 
m 
the basal transgressive systems tract (?) of the 'inner' platform located in Bargy compared 
to the corresponding succession in the Aravis is interpreted as indicating that it was 
relatively topographically higher/even more tectonically stable than the 'inner" platform in 
the northeastern Aravis and so non-marine lacustrine environments where more readily 
re-established during relatively smaller scale sea-level fluctuations. Alternatively 
lacustrine conditions may have persisted further still to the present day northwest 
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towards the stable Jura-Bas tectonic platform than investigated in this study that 
continued to intermittently supply resedimented non-marine deposits to the Urgonian 
platform during storms. However, this latter explanation is very speculative. The 
transgressive and highstand systems tracts of Depositional Sequence 1 are dominated by 
dedolomitic pink weathered interbeds, reworked sediments and patch coral 
reefs grading upwards into rudist lagoonal sediments. 
Again it is difficult to differentiate the boundary between the transgressive systems 
tract and highstand systems tract in Depositional Sequence 1 or their mode of 
emplacement. In some outcrops low angle clinoforms may be present suggest apparent 
progradation broadly from the northwest to the southeast but in most outcrops the 
succession appears apparently planar bedded. 
The possible subtle low-angle discordance between the lowstand systems tract and 
highstand systems tract at Roc des Tours in the southwest of the Bargy may indicate that 
the site of sediment production initially 'back-stepped' to the new shallow-marine 
environment above the previously subaerially exposed 'inner' platform to the northeast in 
response to marine transgression and then subsequently prograded back over the 
lowstand systems tract southwestwards. 
Alternatively the shallow-water platform above the lowstand systems tract may been 
emplaced by simultaneously aggradation in both the southwest and northeast during 
marine transgression. This would suggest that the more strongly subsident basin in the 
southwest had been almost completely infilled by the end of lowstand deposition and/or 
that the rate of differential subsidence in the southwest relative to the northeast had 
decreased significantly. 
The upper sequence boundary of Depositional Sequence 1 is marked by shallow-water 
stranded coarse grained beach facies (microfacies U25 and U26) overlain by 
Orbitolinidae beds (microfacies U12). 
The base of Depositional Sequence 2 is marked by an immediate return to shallow-
marine rudist wackestone-grainstone lagoonal facies with no lowstand deposits 
developed indicating that Depositional Sequence 1 was terminated by a comparatively 
minor relative sea-level fall followed by a major marine transgression (Fig. 6.48c). 
The upper sequence boundary of Depositional Sequence 2 is not preserved in the 
Bargy Mountain Chain being removed by Recent erosion. The distally-steepened ramp 
profile at the base of Depositional Sequence 1 had been completely eliminated by the 
beginning of Depositional Sequence 2 and possibly ceased to exert any influence on 
sedimentation as early as the late transgressive systems tract of Depositional Sequence 1. 
The transgressive systems tract is difficult to differentiate from the highstand systems 
tract in Depositional Sequence 2 but towards the top of the succession there is an 
increase in skeletal grain dissolution suggesting possible increasingly frequent subaerial 
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exposure and thin .~r.t.Vt ~tD""'" bearing horizons may again be present that may correlate 
to the karstic quartz interbeds described in the upper limestone succession of the Aravis 
Chain. 
6.4 The Upper and Lower Aravis Megabreccia Horizons 
6.4.1 Introduction 
This section focuses on the description and interpretation of the Upper and Lower 
Megabreccia Horizons preserved within the lowstand systems tracts of Depositional 
Sequence 1 exposed in the southwestern Aravis Mountain Chain in the combes between 
Col des Aravis (GR. 0919721061), at their most southwestern extent, and as far 
northeast as Mont Charvet (GR. 0925921129). These two megabreccia horizons 
represent two separate episodes of major gravitational instability during catastrophic 
platform collapse on the low angle previously kinematically stable 'outer' platform 
foreslope. The megabreccia horizons are composed of megablocks that were lithified 
prior to instability and are up to several decametres in thickness (Fig. 6.49) associated 
with coeval debrite deposits and areas of soft sediment compressional folding and 
slumping between and at the same horizon stratigraphically as individual megablocks. 
6.4.2 Microfacies of the Aravis Megabreccia Horizons 
The Aravis Megabreccia Horizons are not composed of a single facies but exhibit 
lateral changes in sedimentary character as they are traced northeast to southwest along 
the Aravis Chain. Lateral changes in facies within the megabreccia horizons indicate that 
a range of syndepositional environments on the 'outer-platform' foreslope were 
simultaneously effected by the two separate instantaneous catastrophic collapse events. 
Lateral facies changes as described northeast to southwest for each of the megabreccia 
horizons indicate net palaeobathymetric deepening in facies as traced from the northeast 
(comparatively shallow-marine grain dominated facies) to the southwest (relative deep-
water micrite dominated facies) that mirrors the palaeobathymetric transition that occurs 
along the low angle outer platform foreslope described in the intervening sediments in 
section 6.2.9 and is interpreted as being broadly consistent with the a surficial slide on a 
depositional (distally steepened ?) ramp. 
Individual megablocks also exhibit internal stratigraphies comprising progressively 
shallowing-upwards depositional cycles (fourth-fifth order parasequences) (e.g. Fig. 
6.50a,b) and may contain microscopic evidence of subaerial exposure towards their 
stratigraphic tops including drip spar (Figs 6.50a,b and 6.51a,b). Individual megablocks 
may also contain progressively thinning upwards sedimentary packages (Fig. 6.52) 
consistent with shallowing upwards cycles (fifth-sixth order) experiencing progressive 
decrease in accommodation space during a fourth order relative sea-level cycle. 
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An example of an individual shallowing upwards cycles during a progressive decrease 
in accommodation space caused by an underlying lower order sea-level cycle is 
illustrated in Figure 6.50a,b for a megablock in the Lower Aravis Megabreccia Horizon 
exposed in the southwestern face of Combe de Tardevant (GR. 0924021112). Two 
shallowing upwards cycles may be clearly distinguished in this megablock (although 
more may be present) and the microfacies of the lower cycle and top of the upper cycle 
are illustrated in Figure 6.50b. Although the lower shallowing-upwards cycle is divided 
into individual progressively shallower microfacies assemblages (microfacies U35, U36, 
U37 and U38 respectively) the stratigraphic change in sediment composition within the 
shallowing upwards cycle occurs as a transitional unbroken continuum from the base to 
the top of the parasequence that represents a single relay formed in response to the 
underlying depositional gradient of relative sea-level fall. 
Lithified megablocks my also contain small amounts of authigenic feldspar towards the 
top of their internal stratigraphy (Fig. 6.53a,b ). Other than in the me gab locks authigenic 
feldspar was only detected in calciturbidite deposits that occur above both megabreccia 
horizons within the lowstand systems tract of Depositional Sequence 1 (microfacies 
U39). 
Lateral transport on the low angle slope by sliding of lithified megablocks above a 
usually comparatively thin debrite 'carpet' (elastic deformation) (e.g. Fig 6.54a,b Combe 
de Torchere, GR0922021075; Fig. 6.55 Combe de Grande Forclaz), or as lithified 
sediment breaking down into mass flows deposited as debrites between megablocks (e.g. 
Fig. 6.56a,b,c Combe de Paccaly, GR.0923521107) and soft sediment slumping and 
folding of less lithified sediment (plastic deformation) (e.g. Fig. 6.6c, Combe de Bella 
Cha; Fig. 6.57, Col des Aravis), displaces relatively shallower-water-facies into the 
comparatively deeper-outer slope environments. In southwestern part of the Aravis 
Chain the relatively shallower-water (comparatively grain-rich) depositional source of 
origin of the megabreccia horizons causes them to be more resistant to weathering than 
the more micritic outer-slope in situ deposits they occur within. The more grain-rich 
nature of the megabreccia horizons also causes them to have a more grey-white 
weathered colour in comparison to the brown weathered colour of the relatively more 
micritic outer-fore slope deposits (e.g. Figs 6.1 and 6.2). This contrast between 
megablocks and the in situ strata they occur within appears less pronounced in the 
northeastern exposures where the megabrecci;:tS and their lowstand host sediments 
weather similarly. This change is interpreted as indicating a more uniform relatively 
shallow-water depositional environment to the northeast and possible comparatively 
short lateral displacement of the megabreccia deposits from their original depositional 
environments. 
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,.._Lower Megabreccia Horizon 
Combe de Tardevant View S.W. 
Fig. 6.49 Combe de Tardevant, S.W. face, Lower Aravis Megabreccia Horizon. (a) Isolated megablock 
(shaded in interpretative line drawing (b)). This megablock gives an indication of the mammoth scale of 
megablocks. Internal megablock stratal geometry suggests two shallowing upwards cycles may be present. 
The author, circled for scale (5ft II inch) holding a red 'Bivibag', is standing near the base of the 
megablock to the right. 
Sequence stratigraphy of the Urgonian Platform 
Fig. 6.50a,b (Facing pages) Internal stratigraphy of a megablock. Combe de Tardevant, Lower Aravis 
Megabreccia Horizon. 
(a) (Facing page) Shows one of a series of isolated rotated megablock (indicated by shading in the 
interpretative line drawing) which can also be seen in Figures 6.58 and 5.59. Two thinly bedded 
sedimentary stratal packages can be identified in the internal stratigraphy of the undeformed part of the 
megablock (to the left) separated by a distinct bedding parallel surface, running approximately through 
the middle of this part of the megablock, which is interpreted as a subaerial exposure surface. These 
sedimentary packages are interpreted as shallowing upwards depositional cycles (parasequences). The 
lower shallowing upwards cycle is fractionally thicker than that which overlies it. Within the more 
deformed part of the megablock cross-cut by a series of later faults (to the right of the picture) it is more 
difficult to ascertain stratigraphic position within the megablock, or to identify depositional cycles, with 
any confidence. Two further possible thinning and shallowing upwards cycles may be present in this part 
of the megablock. Thinning and shallowing upwards cycles may indicate the superimposition of repeated 
4-5th order sea-level fluctuations against a background of a continuous lower order relative sea-level fall 
progressively decreasing accommodation space. The lower interpretative line drawing shows the 
positions of successive sample point, A to E, tracing changes in facies up-stratigraphy through the 
me gab lock. 
(b) (Over facing page) Combined photomicrographs (field of view lOmm x 7mm), modal compositions, 
and sedimentary fabrics of samples taken from localities A to E charting facies changes up-stratigraphy 
within the megablock. Sample positions A to D trace the changes in sedimentary facies within the lower 
most shallowing-upwards sedimentary cycle. Overall samples A to E show the following changes up-
stratigraphy through the lower shallowing upwards cycle: a decrease in calcareous mud content; a change 
in fabric from mudstone to grainstone; a broad increase in grain size; and the occurrence of early vadose 
meniscus and dripstone cements towards the top of the cycle formed during subaerial exposure (see text 
for discussion). 
Individual Facies Descriptions A to D: Facies at position A-Debrite at the base of megablock composed 
of subrounded clasts (up to 4cm in diameter) within a relatively micrite rich matrix. Contains many 
pyritized grains and a few rudist bivalve fragments. The debrite formed the disaggregated sedimentary 
carpet upon which the megablock slid but may be 'contaminated' with admixed debris broken from any 
stratigraphic level within the megablock during sliding. Facies at position B- Shows a change in sediment 
fabric to grain-supported (microfacies U35). Facies at position C- Shows a significant decrease in 
calcareous mud content, dissolution of some grains and partial infill of crack with vadose (?) silt 
(microfacies U36). Facies at position D- Represents the top of shallowing upwards cycle and has a 
relatively coarse grainstone fabric and a shallow marine fauna cemented by a pervasive early vadose and 
meniscus spar (microfacies U37). Sample position E is near the top of the second shallowing upwards 
cycle according to the internal stratal architecture of the megablock. The facies (microfacies U38) is 
again dominated by a shallow marine fauna with a relatively coarse grainstone fabric. However, there is a 
slightly less faunal diversity compared to the upper most facies (D) of the previous shallowing upwards 
parasequence. At position E faunal composition is dominated by miliolid foraminifera, peloids, ooids and 
. sparite. Lower faunal diversity towards the top of this shallowing-upwards parasequence is interpreted as 
reflecting deposition within a relatively more restricted high energy marine environment caused by the 
low order underlying relative sea-level fall progressively decreasing accommodation space. 
(Note: Correlation of sample positions A to D to sample numbers in Appendix A: 
Position A-s64; Position B-s62, Position C-s63; Position D-s61, Position E-s66). 
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Fig. 6.Sla,b Photomicrographs of drip spar developed in a grainstone fabric towards the top of a 
megablock that is intrerpreted as having formed during subaerial exposure.(a) Combe de Paccaly, Lower 
Aravis Megabreccia Horizon, sample, s I 050, field of view 3 x 2 mm. (b) Detail of drip spar (arrowed) 
shown in (a). Combe de Paccaly, Lower Aravis Megabreccia Horizon, sample, s I 050, field of view 1.3 x 
0.77 mm. 
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Upper Aravis Megabreccia Horizon 
Combe de Ia Torchere : View S.W. 
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Fig. 6.52a,b Combe de Ia Torchere, S.W. face. (a) Tabular shaped megablock (shaded grey in the 
interpretative line drawing (b)) of the Upper Aravis Megabreccia horizon. Internal planar bedding 
preserved within the megablock is concordant to the underlying, and the overlying and onlapping, 
sediment indicating emplacement by transitional sliding. Five sedimentary packages which progressively 
thin upwards are present within the megablock each interpreted as representing a separate fifth-order 
shallowing upwards cycle (parasequence) superimposed on an underlying fourth-order relative sea- level 
fall which caused a gradually decrease in effective accommodation space. These different orders of 
relative sea-level change combine to produce a depositional pentacycle. The white-grey colour of the 
megablock contrasts with the grey-brown colour of the host sediment and reflects its grain rich shallow-
marine inner-platform origin and displacement down a low angle slope into a relatively deeper water 
marine outer-platform micrite rich facies. 
(a) 
(b) 
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Fig. 6.53a,b Photomicrographs taken in cross-polarised light showing the presence of authigenic fe ldspar 
within a grainstone fabric towards the top of a megablock. Feldspars phenocrysts have eudedral prismatic 
morphologies, and display simple twinning in cross polarised light. (Lower Aravis Megabreccia Horizon, 
Combe de Grand Cret, sample s31, fields of view 1.3 x 0.77). 
(a) 
(b) 
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Fig. 6.54a,b (a) Debrite bed beneath a tabular megablock which formed part of the high pore water 
pressure carpet upon which the megablock slid. Geological hammer for scale. (b) Close up view of 
debrite. Geology hammer for scale. (Upper Aravis Megabreccia Horizon, Combe de Ia Torchere, S.W. 
face). 
Sequence stratigraphy of the Urgonian Platform 
Fig. 6.55a,b (Facing page) Combe de Grande Forclaz, S.W. face. (a) Megablocks of the Lower Aravis 
Megabreccia Horizon (shaded grey in the interpretative line drawing (b)). The central megablock has 
remained dominantly consolidated during sliding but displays an irregular shaped basal profile 
immediately underlain by a coarse debrite. The presence of debrite deposits immediately beneath 
megablocks is a common feature associated with the megabreccia horizons, but is rarely as pronounced as 
that seen here. The debrite is derived from substantial erosion and disaggregation of the lower part of the 
megablock. Basal disaggregation most likely occurred due to frictional erosion during sliding or by the 
catastrophic loss in sediment shear strength by pore-water over-pressuring that instigated gravitational 
instability. Smaller subrounded megablocks have become detached from the main megablock and occur 
within a disaggregated finer debrite matrix (stippled in the interpretative line drawing) which may have 
formed the high pore pressure debrite sedimentary carpet on which the megablock slid. Circled for scale 
is the author (5ft llinches) holding a red 'Bivi-bag'. 
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Disaggregated matrix (Fig. 6~56c) 
metres 
9 9 1p 
Scale 
·Fig. 6. 56( a) 
Lithified boulders 
Upper Megabreccia Horizon 
Fig. 6.56a,b,c (above and facing page) Combe de Paccaly, S.W. face, Upper Aravis Megabreccia 
horizon. (a) Advanced stage of sediment disaggregation with total break down of originally lithified 
sediment to a debris flow. A finer disaggregated matrix of low shear strength (but not fluidized i.e. no 
shear strength) shown by stippled pattern in the interpretative line drawing (b) is able to raft along larger 
sub-rounded megablocks which appear to 'float' within the debris flow matrix (sh<tded grey in 
interpretative line drawing). (c) Shows a close up view of the disaggregated matrix. Average clast size in 
the matrix is approximately 5 em. 
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Fig. 6.56b 
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6.4.3 Macroscopic descriptions of the Aravis Megabreccia Horizons 
The Lower Megabreccia Horizons rests directly above the micritic Hauterivian basinal 
facies and coincides with a major change in lithology from basinal micritic facies to 
shallow-marine more grain-rich facies. The Lower Megabreccia Horizon is slightly 
stratigraphically thicker than the Upper Megabreccia Horizon but other than this the two 
horizon share many of the same characteristics. 
Within individual megablocks preserved internal bedding may appear concordant to 
the bedding in the underlying strata (e.g. Figs 6.6 and 6.52). These megablocks typically 
have tabular morphologies characterised by high length to (stratigraphic) thickness 
ratios. These observations are interpreted as indicating lateral translational sliding of 
lithified megablocks. 
Alternatively, megablocks may have their internal bedding tilted at a relatively high 
angle to the underlying strata indicating rotational sliding along listric decollement/slide 
surfaces (e.g. Figs 6.13, 6.50a, 6.58 and 6.59). Rotational slide megablocks commonly 
down-cut and deform the underlying strata. This is especially the case for the Lower 
Megabreccia Horizon (e.g. Figs 6.50a, 6.58 and 6.59) where soft sediment (plastic) 
deformation and folding of the micritic Hauterivian basinal facies indicate that it was 
much less lithified than the relatively grain-rich megabreccia sediment when sliding 
occurred. All almost rotational slide megablocks share a common apparent sense of 
rotation indicating apparent transport to the present-day southeast. The rare rotational 
slide megablocks that do not conform to this trend may have also experienced spinning 
about a vertical axis during sliding. 
The sliding 'style' of megablocks changes within the Aravis as traced northeast to 
southwest. In the northeast megablocks are most commonly of the rotational slide 'type' 
whereas to the southwest translational tabular slide megablocks are more common and 
there is also an increase in the degree of soft sediment deformation within the 
megabreccia horizons between individual megablocks. This changes in sliding style is 
interpreted as occurring in response to changes in the rheological properties of the 
sediment in the megabreccia horizons reflecting their broad northeast to southwest 
relatively grain-rich to more micritic-rich sediment transition along the slope described in 
section 6.4.2. 
The rnegabreccia horizons as observed in different combe exposures may be composed 
of individual megablocks isolated from one another laterally either by onlapping planar 
bedded strata (e.g. Lower Megabreccia Horizon, Combe de Tardevant Fig. 6.58, 
GR.0924021112) or convoluted strata containing compressional soft sediment folding 
(e.g. Lower Megabreccia horizon, Fig. 6.6c Combe de Bella Cha; Fig. 6.57 Col des 
Aravis), or appear as a continuous series of tabular megablocks end-to-end (e.g. Upper 
Megabreccia Horizon, Combe de Bella Cha Fig 6.6a,b ). 
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In exposures where the megabreccia horizons are composed of continu~ lines of 
megablocks end-to-end debrite deposits, composed of smaller boulders arid pebbles 
(between 0.1 to 1 metres in diameter) forming a fme disaggregated matrix, may occur 
between the contacts of each megablock with one another and are interpreted as having 
formed by partial disaggregation of the megablocks as they violently impacted against 
each other during sliding. In places within the megabreccia horizons (e.g. the Upper 
Megabreccia Horizon exposed in the northeast face of Combe de Bella Cha 
GR.0922021090 and also in the northeast face of Combe de la Torchere 
GR.0922021075) individual megablocks may override one another 'piggy-back' fashion 
(e.g. Fig. 6.60a,b) as relatively fast moving megablocks collided with slower moving 
megablocks in front of them. Multiple collisions of faster moving megablocks with 
slower moving parts of the slide further down-slope in some instances caused 
megablocks to become stacked above one another forming appreciably thickened 
megablock mounds or stacks in areas of local net compression within the slide horizon 
(e.g. Fig. 6.61). The exaggerated topography created on the sea-floor by megablock 
stacks formed new environmental niches within their irregular sheltered upper 
morphology. 
In exposures where the megabreccia horizon are represented by a broken line of 
me gab locks isolated from one another (e.g. Lower Megabreccia Horizon at Bella Cha 
Fig. 6.6c, and at Combe de Tardevant Fig. 6.58) the sediment laterally separating 
individual megablocks from one another may be of two types. ( 1) Convoluted and folded 
strata reflecting soft sediment deformation of less lithified sediment compressed between 
more lithified megabreccias during sliding (e.g. Fig. 6.6c); or (2) undeformed strata that 
onlaps the megablocks (e.g. Figs 6.58 and 6.62a,b). The former is interpreted as 
deformation of less lithified stratigraphically coeval sediments to the megablocks 
representing local net compression within the slide horizon. The latter situation is 
interpreted as post-collapse deposits infilling an irregular sea-floor topography of 
isolated gullies and ravines created between individual megablocks by sliding in areas of 
local net extension within the slide horizon. Post-collapse sediments infilling this irregular 
sea-floor topography may be either planar (e.g. Fig. 6.62a,b), or cross bedded (e.g. Figs 
6.63a,b and 6.64a,b). Planar bedded 'infill' deposits are composed of deep-water micritic 
facies and are interpreted as having accumulated in isolated sea-floor chasms completely 
enclosed by megablocks and starved of any other source of sediment (Fig. 6.62a,b). 
Cross-bedded 'infill' deposits are composed of relatively coarse peloidal-echinoderm 
grainstone-packstone facies interpreted as representing (tidal (?) marine-current) sand 
channel sediments deposited in interconnecting ravines formed between megablocks in 
communication with the shallower part of the ramp to the northeast (Figs 6.63a,b and 
6.64a,b). 
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Col des Aravis : View Northeast 
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Aravis Megabreccia Horizon 
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Contorted bedding reflecting 
soft sediment slumping 
Fig. 6.57a,b Col des Aravis, N.E. face. (a) Contorted and convoluted bedding indicating soft sediment 
deformation _in the Lower Aravis Megabreccia Horizon (shaded grey in interpretative line drawing (b)). 
Soft sediment folding may have been caused by lateral sediment compression at the toe-of-the-slide 
accommodating net extension observed in the combs of the Aravis Mountain Chain to the N.E. 
Sequence stratigraphy of the Urgonian Platform 
Fig. 6.58a,b (Facing page) Combe de Tardevant, S.W. face. (a) Three isolated megablocks of the Lower 
Aravis Megabreccia Horizon (shaded grey in the interpretative line drawing (b)) rest upon the upper 
surface of deep-water basinal Hauterivian facies which formed the decollement surface for ·surficial 
sliding. Internal bedding of the megablocks is preserved indicating that the sediment was lithified prior to 
sliding. Bedding within megablocks appears to be split into two stratal packages (see figure 6.50a,b). In 
marked contrast to the megablocks the underlying Hauterivian strata immediately beneath the megablocks 
has been incised and undergone soft sediment deformation by megablock emplacement indicating that 
Hauterivian sediment was much less lithified at the time of megablock sliding (see figure 6.59 which 
shows the megablock to the far right of this picture). The megablocks have listric basal profiles and the 
similar sense of tilting of the internal bedding (clockwise as viewed) indicates a common transport 
direction to the present southeast The dramatic sea-floor topography created by the megablocks was 
infilled. and suppressed by subsequent planar bedded sediment; The deep gullies which were created 
between megablocks where. the .top of the Hauterivian deep water facies became re-exposed were infilled 
by planar bedded strata which onlaps the megablocks. Topography created by the folding of Hauterivian 
sediment is also onlapped. The enormous scale of the megablocks can be gauged from the lake in the 
centre foreground which according to IGN map 3430ET, Top 25, 1:.25000 is 150 metres long. 
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Fig. 6.59a,b Combe de Tardevant , S.W. face. Lower Aravis Megabreccia Horizon. Shows the isolated 
megablock to the far right of Figure 6.58. (shaded in the interpretative line drawing (b)). Internal bedding 
is preserved in the megablock indicating that it was lithified at the time of its emplacement. The 
inclination of the bedding preserved within the megablock indicates clockwise rotation and transport to 
the southeast. The slide decollement surface occurs at the Hauterivian basinal facies\Urgonian sensu lato 
shallower water sediment boundary. The megablock down cuts into the underlying deep water Hauterivian 
facies causing soft sediment deformati on indicating that the Hauterivian sediments were considerably less 
consolidated than the megablock when sliding occurred. Post-megablock sediments onlap and suppress 
the irregular sea-floor topography created by the megablocks and the antiformal folding of the re-exposed 
Hauterivian strata produced during sliding. 
(a) 
(b) 
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Fig. 6.60a,b Combe de Bella Cha, N.E. face . (a) An example in the Upper Aravis Megabreccia Horizon 
(shaded grey in interpretative line drawing (b)) of individual megablocks overriding, and become inclined, 
against one another. This results from collisions between megablocks during dynamic megabreccia 
emplacement in areas of net spatial compression of lithified sedimentary strata within the megabreccia 
horizons. 
Sequence stratigraphy of the Urgonian Platform 
Fig. 6.61 Combe de la Torchere, N.E. face, Upper Aravis Megabreccia Horizon. Individual megablocks 
(weathered pale white-grey) that overrode one another when they collided during sliding have been 
stacked above one another to produce an exaggerated irregular topography. The occurrence of rnegablock 
stacks within the megabreccia horizons are interpreted as representing areas of net compression within the 
·slide horizons (see text for discussion). 
Fig. 6.62a,b Combe de Paccaly, view S.W. (a) The Lower Aravis Megabreccia Horizon is composed of a discontinuous horizon of megablocks (highlighted by grey shading 
in the interpretataive line drawing (b) over page) . The megablocks and the gullies formed between them formed a signi fica nt sea-floor topography. Ind ividual megablocks 
are separated from one ano th er by later pl anar bedded relatively deep-water argi llaceous sediments which infilled the gully and onlapped the megablocks thereby eliminating 
the irregular sea- fl oor topography created by the emplacement of the Lower Megabreccia Horizon . The argillaceous planar-bedded nature of the gu lly infill is interpreted as 
being deposi ted in a sea- floor chasm totally surrounded by megablocks that isolated it from other interconnected gullies starving it from any other source of sed imentary 
supply other than in situ accumulati on of deep water calcareous mud . Two people stand ing in the Trou de Ia Mouche give an impression of sca le. 
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Sequence stratigraphy of the Urgonian Platform 
Fig. 6.63a,b (Facing pages) Combe de Paccaly, northeast face. (a) Lower and Upper Aravis Megabreccia 
Horizons (shaded grey in the interpretative line drawing (b) over page). The Lower Aravis Megabreccia 
Horizon (LAMH) is composed of a discontinuous line of isolated rotational and translational megablocks 
sitting discordantly on the top of the Hauterivian deep-water basin facies. Tilted megablocks share a 
common (anti-clockwise as viewed) sense of rotation suggesting transport towards the southeast. The 
lateral "gaps" between megablocks formed marine gullies and were infilled with cross-bedded grainstones 
which onlap the megablocks. Cross-bedded sand deposits are interpreted as post-collapse sea-floor 
channel deposits infilling laterally interconnected sea-floor gullies formed between megablocks. The 
source of sediment was from the present day northeast. A sedimentary package of shallowing upwards 
parasequences stratigraphically separates the LAMH from the Upper Aravis Megabreccia Horizon. The 
Upper Aravis Megabreccia Horizon (UAMH) also forms a discontinuous horizon of megablocks and 
debris flows. However, megablocks and debrites at this stratigraphic level are separated from one another 
by areas of penecontemporaneous sediment that remained essentially in situ during the episode of sea-
floor instability that formed the megabreccia. Megablocks and debrites with variable depths of 
decollement moved around these stable sedimentary "islands" as discrete mass flow collapse channels 
during this second episode of sea-floor instability. Differences in lithology and the degrees of sediment 
lithification beneath the original sea-floor may explain why some areas of the sea-floor remained stable 
whilst others became resedimented as me gab locks and debris flows. Megablock thickness of the UMBH is 
considerably smaller than those of the LMBH implying a shallower depth of sediment beneath the original 
sea-floor to the slide decollement surface. Circled in the bottom right foreground are two people to give an 
indication of scale. 
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Fig. 6.64a,b Combe de Paccaly, view northeast. (a) Close up view of central part of Fig. 6.63 showing megablocks of the Upper and Lower Aravis Megabreccia Horizons 
(shaded grey in the interpretative line drawing (b) over page). The cross-bedded nature of the sand channel gully infills of the Lower Aravis Megabreccia Horizon can clearl y 
be seen. Circled in the bottom right foreground are two people to give an indication of scale . 
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Sequence stratigraphy of the Urgonian Platform 
The sides and tops of individual megablocks are typically encrusted with oysters and 
sponges and bored by lithophagid bivalves which colonised the topographic highs the 
megablocks formed on the new irregular post-collapse sea-floor profile. The topography 
created by both megabreccia horizons was infilled and suppressed by later sediments 
returning the sea-floor to its former relatively flat featureless profile. For example the 
planar intervening beds between the megabreccia horizons seen in Combe de Bella Cha 
(Fig. 6.6), Combe de Grand Cret (Fig. 6.15) and Mount Fleuri (Fig. 6.18). 
The tops of the megablocks are typically highly mineralised with pyrite and red iron 
staining. Thin calcarenite deposits (microfacies U44) are also preserved in the sheltered 
topography formed on the tops of at least one rotational slide megablocks (Lower 
Megabreccia Horizon exposed in the southwest face of Combe de Paccaly 
GR.0923521107) (Fig. 6.65a,b,c). The occurrence of mineralization and deposition of 
quartz are both interpreted as indicating that the tops of the megablocks were subaerially 
exposed at least for a time following emplacement during which time marine deposition 
continued in the channels and ravines between megablocks. 
The Upper Megabreccia Horizon in addition to the features it shares with the Lower 
Megabreccia Horizon appears to have a slightly more irregular basal decollement surface 
that occurs at shallower depths beneath the original sea-floor. In some exposures (e.g. 
northeast face of Combe de Paccaly (Figs. 6.1, 6.63, and 6.64) and the northeast face of 
Combe de Grand Cret (GR.0923021110, Figs 6.16, 6.66) the Upper Aravis Megabreccia 
Horizon appears to have an irregular basal profile and form channels that down-cut into 
underlying planar bedded strata and which are separated from one another by stable 
'islands' of in situ sediment (e.g. Fig. 6.66, whose position is shown in Fig. 6.16) that 
appear to have been unaffected by gravitational instability. Furthermore, unlike like the 
Lower Megabreccia Horizon the underlying sediments beneath the Upper Megabreccia 
Horizon remain planar bedded and were not effected by soft sediment deformation by 
movement of the megablocks. However, the internal bedding of sediment in the 
'channels' effected by gravitational instability is poorly preserved suggesting a greater 
degree of loss in sediment coherence during gravitational instability preserved in these 
exposures. Intervening 'islands' of stable sediment between megabreccia 'channels' may 
have been more strongly cemented (or were more permeable allowing rapid dispersal of 
high pore pressure fluids (see Chapter 7) and hence more resistant to gravitational 
instability. Stable 'islands' of in situ sediment sometimes form post-collapse relative 
topographic highs that are onlapped by latter planar bedded sediments (e.g. arrowed 
'promontory' in Fig. 6.16). Megabreccias in these exposures clearly appear to have been 
formed by surficial instability beneath the original sea-floor. 
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Combe de Grand Cret: View N.E. 
Fig. 6.65a,b Combe de Grand Cret, N.E. face. (a) Detail of the Upper Megabreccia Horizon who e 
position is shown in Figure 6.16b (stippled in the interpretative line drawing (b)) . The megabrecc ia 
di splays an irregular stratal thickness to the decollement surface . The megabreccia has an irregular basal 
profil e with areas of undeformed bedded sediment, which remained more stable during platform coll apse, 
being cross-cut as traced laterally by areas effected by deeper seated megabreccia fl ow. This may reflect 
local differences in lithology and the degree of sediment lithification beneath the original sea-fl oor 
causing variable sediment resistance to grav itational instability during surfi cial coll apse. The more 
massive channel shaped areas of the megabrecc ia hori zon suggest total sediment disaggregation whi lst in 
other area of the megabreccia indurated megablocks can be seen to have been rafted along. The channel 
morphologies suggest relati ve transport motion towards the observer, parallel to the N.E.-S.W trend of the 
Arav is Mountain Chain . 
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Fig. 6.66a,b,c,d (Facing pages) Combe de Paccaly, S.W. face. (a) Lower Aravis Megabreccia Horizon. 
An example of a rotationally tilted megablock that down cuts into and deforms the underlying Hauterivian 
basinal facies shaded grey in the interpretative line drawing (b). The preserved internal bedding of the 
megablock indicates clockwise rotation as viewed and transport to the present day southeast. Ductile soft 
sediment deformation of the und~::rlying Hauterivian strata by rotational sliding of the megablock 
highlights the contrast in the degree of sediment consolidation between the indurated megablock and 
underlying uncemented micritic Hauterivian facies at the time of sliding. Rotational movement of the 
megablock during sliding created a small topographic depression on the top of the megablock sheltered in 
the lee of the raised edges of the tilted me gab lock. (c) Quartz rich sediments ·preserved within this 
sheltered megablock-top topography (highlighted by the stippled pattern in the interpretative line drawing 
(b)) are interpreted as indicating thay the tops of megablocks experienced subaerial exposure following 
emplacement while the main site of penecontemporaneous sediment accumulation switched to deep-
marine gullies· created between individual megablocks where the upper boundary of the Hauterivian was 
re-exposed. Red rucksack for scale bottom right approximately 0.5 metres in length (d) Photomicrograph 
of sediments deposited in megablock-top topography shown in (c) highlighting their quartz rich nature 
(field of view 3 x 2 mm). In the field quartz within these deposits appears very similar to speckled 
dolomite. Deep-water planar bedded micritic deposits unconformably overlie the re-exposed top of the 
Hauterivian facies infilling gullies and onlapping isolated megablocks to subdue the sea-floor topography 
created by platform collapse. 
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6.4.4 Computer optimized Jaccard's Coefficients similarity matrices analysis of the 
Aravis Megabreccia Horizons 
Computer optimized Jaccard's Coefficients similarity matrices between parameters 
were calculated using petrographic data from samples collected as traced both lateral 
northeast to southwest along the Aravis Mountain Chain and stratigraphically through 
individual megablocks. The sampling pattern showing the positions of individual samples 
from both the Upper and Lower Megabreccia Horizons laterally and stratigraphically is 
shown schematically at the end of Appendix C. It is unlikely that all the microfacies 
represented within the megabreccia horizons retained their original lateral 
palaeogeographic positions relative to one another following collapse due to differential 
rates of slide motion within the megabreccia horizons causing variations in relative lateral 
displacement discussed above. However, the lateral transition in microfacies discussed in 
sections 6.4.2 and 6.4.3 ~ thought to be broadly representative of the original northeast-
southwest palaeogeographic arrangement of facies as they existed prior to collapse. 
Computer optimized Jaccard's coefficients similarity matrices were calculated using 
the combined data set of both megabreccia horizons (Fig. 5.8A), for data collected from 
the Lower Megabrecccia horizon (Fig. 5.8B) and for data collected from the Upper 
Megabreccia Horizon (Fig. 5.8C). The configurations of parameters and similarity 
coefficients within these three computer optimized similarity matrices are all very similar 
to one another being characterised by a single relative deep-water cluster to the bottom-
right of the matrix with shallower-water allochems with moderate similarities to one 
another plotting to the top-left. If the megabreccia horizons had represented the 
collapsed deposits of a homoclinal ramp a single symmetrical relay linking inner-ramp 
shallow-water allochems to outer-ramp deeper-water allochems representing a 
continuous transitional environmental gradient might have been predicted. However, the 
relative abrupt division of the optimized matrices into deep-water and shallow-water 
assemblages does not conform to this pattern. Instead the two assemblages defined in the 
optimized matrices could be interpreted as representing two separate environmental 
gradients. These environmental gradients are: (1) A shallow-water platform-top 
environmental gradient and (2) a deeper-water platform foreslope environmental 
gradient. These contiguous environmental gradients could be interpreted as being 
developed in one of two depositional settings: ( 1) A platform-shelf characterised by a flat 
platform-top (shallow-water part of optimized matrices) and a high angle margin 
(represented by the deeper-water cluster); or (2) A distally steepened ramp. Observations 
of stratal geometries and conventional microfacies data described in the previous sections 
above are used to assist in the interpretation of the optimized matrices of megabreccias. 
The combined data from all sources is interpreted as being consistent with the collapse of 
a distally steepened ramp. The relatively deeper-water cluster defined by uniformly high 
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values of Jaccard's similarity coefficients between parameters present in all the 
megabreccia optimized matrices is interpreted as th~ environmental gradient of a distally 
steepened outer-ramp foreslope. The uniformly high values of Jaccard's coefficients 
between parameters in this cluster indicate that in the outer steeper relatively deeper-
water part of the ramp the composition of the assemblage was 'buffered' against 
environmental changes such as fourth-fifth order relative sea-level fluctuations in a 
similar way as discussed in section 5.3.3.2. The shallower-water allochems plotting to 
the top-right of the optimised matrices of megabreccias are interpreted as representing 
the environmental gradient that existed laterally across the inner more shallow-marine 
less steeply dipping part of the ramp where microfacies changes occurred in a more 
transitional manner as traced basinward. A weakly developed relay may be present 
linking the shallower allochems plotting to the top-right of the optimised matrices that 
represents the gradational nature of compositional changes on the very low angle inner-
ramp. 
6.4.5 Conclusion about the Aravis Megabreccia Horizons 
Both megabreccia horizons show palaeogeographic and stratigraphic changes in 
facies. These can be summarised as a broad lateral transition from relatively shallow-
marine grain-dominated facies in the northeast grading to deeper-marine micrite 
dominated facies to the southwest. Stratigraphically the megabreccia horizons appear to 
represent a broadly shallowing upwards cycle recording a fourth to flfth order relative 
sea-level fall marked by shallowing upwards facies and thinning upwards of internally 
preserved stratal packages in response to an underlying lower order decrease in 
accommodation space. These changes are broadly consistent with representing another 
parasequence developed on the low angle slope described in the section 6.3. This 
interpretation is supported by the presence of seven parasequences between the 
megabreccia horizons in the lowstand systems tract at Combe de Grand Cret in the 
Aravis Chain (Fig. 6.16 GR.0919721061) compared to nine parasequences described in 
the correlating part of the stratigraphic column in the Bargy Chain at Roc des Tours (Fig. 
6.31, GR.0916021210) where megabreccias proper are not developed. 
Both megabreccia horizons show a gradational change in the style of sliding as traced 
northeast to southwest from mainly rotational sliding to translational sliding with 
increased soft sediment deformation between individual megablocks to the southwest. 
Megablocks laterally isolated from one another on the sea-floor (reflecting net extension) 
are more commonly developed in the northeast whereas to the southwest there is an 
increase in megablock overriding and soft sediment folding between megablocks (net 
compression). These changes are interpreted as reflecting surficial sliding of sediment 
beneath the original sea-floor by overall net extension (Figs 6.67 and 6.68). Most 
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extension occurs in the northeast represented by 'gaps' developed between megablocks 
with lateral displacement being taken up by megablock overriding and increased soft 
sediment deformation and folding at the level of the megabreccia horizon in the more 
micritic facies to the southwest which represents an area of local net compression. The 
basinward toe of the slide is therefore 'closed'. 
The more or less common decollement surface for each of the megabreccia horizon 
coincides with a major lithological boundary between micritic and grain rich fabrics e.g. 
for the Lower Megabreccia Horizon this occurs at the micritic top of the Hauterivian 
basinal deposits, whilst for the Upper Megabreccia Horizon it occurs at the more micritic 
base of a parasequence. These micritic-grainstone transitions would be expected to have 
relatively lower shear strengths compared those of the sedimentary succession in general 
(Fig. 6.63). However, the lack of any evidence for instability in the parasequences 
occurring between the megabreccia horizon which would also be expected to have 
weaker sediment shear strengths at their bases suggests an additional trigger mechanism 
must also have been involved in the formation of the megabreccia horizons. 
One possibility is that pore water trapped in the low permeability more micritic base of 
a parasequence was unable to re-equilibrate with hydrostatic head during a relative sea-
level fall or during seismic shaking and that the resulting 'overpressure' caused loss of 
shear strength at a discreet horizon beneath the sea-floor triggering instability in the 
previously gravitationally stable overlying more indurated/cemented strata (Fig. 6.67). 
Other mechanisms for generating pore-water 'overpressure' especially seismicity are 
discussed in the next chapter. Overpressure generated by seismic shaking related to 
vulcanism elsewhere might explain the presence of authigenic feldspar as airborne 
volcanic ash that settled in the marine (lowstand) part of the succession. Other evidence 
for volcanism within the basin to the northeast would have been removed by subaerial 
erosion. 
The megabreccia horizons are each interpreted as catastrophic surficial slides by net 
extension on a low angle previously kinematically stable angle of slope with decollement 
(the slide plane) forming beneath the original sea-floor at the more micritic base of a 
shallowing upwards stratal package (parasequence) during a period of relative sea-level 
fall (Figs 6.67 and 6.68). Continued relative sea-level shallowing after collapse may have 
subaerially exposed the tops of megablocks. Post-collapse the megabreccia horizons 
formed an irregular topography on the previously relatively planar featureless sea-floor 
that include chasms, ravines and marine gullies (Fig. 6.68). Cross-bedded echinoderm-
peloid sand channels developed in open ended ravines connected to the more shallow 
part of the platform to the northeast whereas chasms totally enclosed by megablocks 
were relatively sediment starved and gradually infilled with planar bedded deep-marine 
micritic deposits (Fig. 6.68). The tops and sides of megablocks were encrusted by 
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F-ig. 6.67 3-D Schematic model for low-angle carbonate platform 
co '.lapse through surficial gravity sliding producing net extension. 
(a; Original kir.ematically stable low-angle predominantly 
topo~aphically featureless external platform foreslope profile 
str·ltigraphically characterised by repetitive shallowing-upwards cycles or 
pa :asequences (PS) formed in response to 4th-5th order relative sea-level 
fluctuations. Thick black lines represent parasequence boundaries and thin 
lin'!s illustrate bedding. Parasequence boundaries form abrupt lithological 
in1•!rfaces within the succession with relatively high porosity shallow-
W< .. ter grain-supported fabrics at the top of a shallowing-upwards cycle 
immediately overlain by low permeability relatively deeper-water micrite 
at the base of the following parasequence. Permeability at the top of a 
shdlowing-wards parasequence may also be reduced by meteoric 
di< genetic sparite. The sharp lithological contrast at parasequence 
bo·mdaries form "plains of weakness" within the succession characterised 
by relatively low sediment shear strengths. Moreover the contrast in 
petmeability at parasequence boundaries may trap/retard pore-water flow 
forming confined aquifers/aquitards. 
(b) Decollement occurs at the base of the upper mo;t parasequence beneath the sea-floor at a horizon of greatly reduced 
shear strength caused by relative pore-water "overpre: suring" allowing gravity sliding of the overlying lithified sediment at a 
previously stable angle of slope. More lithified debris rnay be rafted down-slope above this high-pore pressure relatively low 
shear strength sediment carpet. Rotational sliding prcduced megablocks with listric basal profiles and discordant bedding to 
the underlying strata. Some megablocks may also '1ave spun about a vertiCal axis during sliding accounting for minor 
variations in the apparent sense of tilting between individual megablocks. Translational sliding produced conformably 
bedded tabular shaped megablocks. Isolated megabl•Jcks represent areas of net extension within the slide horizons. Some 
megablocks underwent further disaggregation during transport forming debrites. In places megablocks violently jostled into 
·.~e another during sliding and in some instances faster moving megablocks overrode slower moving megablocks down-
slope "piggy-back" fashion in areas of net compres: ion within the slide. Slight differences in slide direction may reflect 
small local variations in slope dip direction. Net exter,sion in the slide horizon is concentrated up-slope (to the northeast) and 
accommodated by net compression down-slope (to th1: southwest). 
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Figure. 6.68(a) (Facing page) Schematic three-dimensional model of the reconstructed sea-floor 
topography formed following catastrophic surficial platform collapse of a very low angle slope, and the 
effect of this new sea-floor relief on subsequent sedimentation patterns. The model is based on 
interpretations of cross-sections observed through the upper and lower megabreccia horizons exposed 
within the cliff faces of combes as traced along the Aravis Mountain Chain northeast to southwest. A 
single model is used to represent both upper and lower megabreccia horizons as they share the same 
essential features. The major difference between the two megabreccia horizons is that the upper 
megabreccia horizon had a shallower-seated, slightly variable depth to the slide dtkollement surface and 
so the post-collapse sea-floor topographic relief was of a lower order of magnitude than that for the 
Lower Megabreccia Horizon. Simplified and idealised interpretative cartoons of sections through the 
megabreccia horizons as seen in cliff face exposures in adjacent combes as traced northeast to southwest 
along the Aravis mountain Chain are illustrated in sections V' to X'. Prior to platform collapse the sea-
floor was a dominantly flat planar featureless surface with a very low angle of slope broadly to the south. 
Post-collapse it was characterised by deep marine gullies, chasms and ridges which had a topographic 
relief of several tens of metres. Surficial sliding re-exposed the decollement surface in areas of net lateral 
extension causing relative sea-level deepening and forming marine gullies and canyons, whilst in areas of 
net compression characterised by megablock overriding, or of no effective change, megablocks formed 
topographic highs (section U). Megablock tilting, and thicker megablocks from the north being 
transported southwards also caused changes in relative sea-level. Post-collapse topography exerted a 
major influence on the patterns of subsequent sediment accumulation before being subdued. Some open-
ended interconnecting gullies were infilled by echinoderm rich (tidal?) sand channel deposits whilst 
isolated unconnected chasms were relatively sediment starved, being slowly infilled by 
penecontemporaneous planar bedded deeper water calcareous micrite deposits. Within the sheltered 
uppermost topography of some megablocks thin shallow-water deposits accumulated and were preserved, 
including siliciclastic sands. However, the tops and exposed sides of many megablocks were attacked by 
boring organisms and possible subaerial erosion. The sides of megablocks were also colonised by 
sponges, corals and other encrusting organisms such as oysters. 
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Fig. 6.68(b) Section U-U': Surficial sliding, as envisaged by the model for megabreccia horizon formation, illustrated along a line trending northeast-southwest along the present day 
Aravis Mountain Chain. In areas of net extension the decollement slide surface is re-exposed forming deep gullies. Relativ~ extension is accommodated laterally in positions of net 
compression by lithified megablocks overriding one another, or by soft sediment deformation and folding of less indurated sediment between megablocks. The greater development 
of soft sediment deformation to the southwest of the Aravis Mountain Chain suggests much of the surficial extension produced by sliding was accommodated by lateral compression 
causing soft sediment folding at the 'closed' toe of the megabreccia.slide horizons. For sections V to X sea-level changes caused by platform collapse as measured relative to the 
original sea-floor surface level prior to instability are indicated to the left of the 'section'. The decollement and slide surface is indicated by large arrows at each of its ends. Section 
V-V': Rotational failure ,and isolated megablock sitting on the decollement slide plane (arrowed). The decollement surface has been folded by soft sediment deformation during 
rotational megablock sliding. Megablocks show apparent relative transport to the present-day southeast. Cross-bedded echinoderm rich sands were deposited within the base of 
interconnected 'open' canyons where the decollement surface is re-exposed. e.g. Combe de Tardevant and Comb de Paccaly. 
"' ~ 
... I)Q• 
i:l. 
"1:::! 
~ 
.'< 
~ 
s. (":> 
c::: ~ 
0 ;::: §" 
~ 
-1::1. ~ 
~ 
~ 
0 
w 
"'"' :::;: "'
"'= ~~ 
.52 a; 
"' > ~ "' 
,.("7 
~ * t 
Original sea-floor tevel -·!-----
"' "' > .~ ~i 
"' > 
- "' ~~ 
:::;: ~ 
w 
Debnte dc~OSltS 
Irregular depth beneath original sea floor 
to slide decollement surface 
'Island' of in situ sediment 
unaffected by sliding 
Isolated ch .. r.:n completely encl~sed by 
surrounding s1rata. Relatively se'J:ment 
starved with deposition domina:ed by 
deep water calcareous micrite facies 
1 
Megablocks transported along channels 
/ 
w 
~ 
-C=-=--~~ .. Oo'······. 
'Island' of in situ sediment 
unaffected by sliding 
~ X/ 
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oysters and sponges and bored by lithophagid bivalves. Post collapse sedimentation 
completely infilled and suppressed this megabreccia sea-floor topography returning it to 
its former planar relative featureless profile. 
This interpretation of the Aravis Megabreccia Horizons differs form traditional 
interpretation of megabreccia deposits that are classically thought to be diagnostic of 
high angle metastable slopes (Mountjoy 1972). The wider implication of the 
interpretation of the Aravis Megabreccia Horizons to megabreccia deposits in general are 
discussed in the following chapter. 
6.5 General Conclusions 
Despite the predominantly planar angularly concordant and apparently conformable 
nature of the succession as observed in individual exposures changes in the stratigraphy 
of the Urgonian platform sensu lato as traced along two southwest-northeast transects 
constructed through the Aravis and Bargy Chains confirms the existence of a low angle 
distally steepened ramp topography at the top of the Hauterivian basement that sloped 
into a more strongly subsident basin located to the present day southwest of the field 
area as originally interpreted in chapter 5 from depositional gradients identified using 
computer optimized Jaccard's similarity coefficient matrices alone. 
The succession is divided into two third-order depositional sequences, termed 
Depositional Sequence 1 (DS 1) and Depositional Sequence 2 (DS2) respectively. In 
Depositional Sequence 1 all three systems tract as described by sequence stratigraphy are 
developed (Vail et al. 1988) whereas Depositional Sequence 2 only contains 
transgressive and highstand systems tracts. The lowstand systems tract of Depositional 
Sequence 1 preserved in the southwest of the Aravis and Bargy Subalpine Chains is 
volumetrically significant being dominated by hemipelagic deposits that shallow lateral to 
intertidal deposits to the northeast and also contains spectacular megabreccias as part of 
catastrophic surficial slide collapse horizons. Thin 'Y'"•" o..~o.e.. · bearing calciturbidite 
deposits also occur in the late lowstand sediments. The comparatively large size of the 
lowstand systems tract is counter to the theoretical proposal of lowstands in carbonate 
depositional systems always being small or absent (Schlager 1991). 
The lower sequence boundary of Depositional Sequence 1 passes lateral from being 
conformable in the southwest (deep-water basin) to being a major unconformity in the 
northeast ('inner' platform). However, this sequence boundary appears planar and 
concordantly bedded as traced southwest to northeast in the Aravis Chain and it is only 
in the northeastern Bargy Chain i.e. at Pointe Blanche and Servagin, that its 
unconformable nature is easily observed as an erosional angular unconformity. 
The top of Depositional Sequence 1 is marked by the development of 'external' 
platform beach facies which contain a high proportion of grain dissolution, and inner 
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supratidal micritic lagoons with bird's eye fenestrae infilled with vadose silt, which are 
both overlain by Orbitolinidae foraminiferal rich horizons interpreted as correlating to the 
Lower Orbitolinidae Beds of Arnaud et al 1987. By the top of Depositional Sequence 1 
the low angle slope to the southwest may have been almost totally subdued by sediment 
infilling and/or a decrease in the rate of differential subsidence across the whole platform. 
This is indicated by the seemingly planar apparently aggradational stratal geometries 
developed in all part of the platform exposed in the Aravis and Bargy Chains. 
The base of Depositional Sequence 2 is marked by an immediate return to a shallow-
water transgressive systems tract in the southwest and northeast of the Aravis and Bargy 
Chains. This is interpreted as indicating that Depositional Sequence 1 was terminated by 
a relatively minor relative sea-level fall followed by an immediate return to major third-
order relative sea-level rise. 
Depositional Sequence 2 re-establishes rudist sediment lagoonal deposition on the 
platform. Towards the top of Depositional Sequence 2 repeated quartz rich interbeds 
interpreted as subaerial exposure surfaces formed by fourth-fifth order relative sea-level 
fluctuations occur in the Aravis that may correlate with thin lacustrine ~r<V\ .... ~ 
deposits towards the top of the succession in the Bargy Chain. However, it is difficult to 
authoritatively differentiate the boundary between the transgressive and highstand 
systems tracts in Depositional Sequence 2. This boundary may well be transitionary 
rather than marked by a single stratal surface. The difficulties in differentiating 
transgressive and highstand systems tracts from one another in carbonate systems has 
been discussed in earlier studies (Tucker 1993). 
The upper sequence boundary of Depositional Sequence 2 is marked by a subaerial 
karstic which includes erosional breccias and iron mineralization of the pitted surface 
following which carbonate deposition was terminated and phosphatic greensands 
deposited. This sequence boundary is interpreted as reflecting a major relative sea-level 
fall. 
Within the lowstand systems tract of Depositional Sequence 1 two individual 
megabreccia horizons are interpreted as thin surficial collapse horizons formed by net 
extension on a very low angle previously kinematically stable angle of slope during 
fourth-fifth order relative sea-level falls. The megabreccia horizons differ from the 
traditional model for megabreccia formation that infer the need for high angle metastable 
slopes (Mountjoy 1972). The Aravis Megabreccia Horizons therefore necessitate a re-
evaluation of the wider environmental significance of these distinctive rock-types. 
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Chapter 7 
Genesis of Carbonate Megabreccias and 
Calciturbidites and their Significance 
in Sequence Stratigraphic Models 
7.1 Introduction 
Carbonate mega-breccias such as those described in this study from the Aravis have 
classically ·been interpreted as the product of catastrophic collapse of high-angle meta-
stable carbonate sea-floor slopes (Mountjoy et al. 1972, Cook et al. 1972). Mega-
breccias are often used to infer the existince of contemporaneous high-angle slopes 
5 
even when such slopez,_are not themselves preserved or exposed (e.g. Mcllreath 1977). 
However, the Aravis mega-breccias differ from this model having been formed on an 
apparently low-angle previously kinematically stable carbonate slope. Moreover, they 
appear to have formed during a relative sea-level fall. 
Mega-breccias have recently taken on renewed significance as attempts are made to 
interpret them in terms of relative sea-level change and integrate them into sequence 
stratigraphic models (e.g. Sarg 1988, Vail et al. 1991). The shedding of clastic carbonate 
sediments to the basin during periods of relative sea-level falls, as predicted by standard 
sequence stratigraphic models, is one of the most controversial aspects of the application 
of sequence stratigraphic concepts to carbonate systems (e.g. Kendal and Schlager 1981, 
Droxler and Schlager 1985, Ferry 1987, 1988, Ferry and Rubino 1988, 1989, Mullins 
1983, see also Chapter 2). It has recently been suggested that the major volumetric 
components of carbonate lowstand wedges may be mega-breccias and associated debris 
generated by platform-margin collapse (Jacquin et al. 1991). The prediction of the 
temporal and spatial occurrence of mega-breccia horizons is important as they fonn 
major hydrocarbon reservoir rocks e.g. Poza Rica Field, Mexico (Enos 1977), 
Mescalero Escarpe Field, New Mexico (Saller et al. 1989). 
Factors effecting submarine slope instability may be divided into endogenic 
processes intrinsically linked to the depositional system, such as sedimentation rate, 
relative sea-level change and depositional slope angle, and exogenic processes 
independent of the depositional system, such as seismicity and storms. Whilst endogenic 
triggers may occur in a predictable cyclical way, exogenic triggers, being inherently 
random in occurrence, may produce an irregular pattern of resedimentation. The 
significance of these two classes of mechanism in causing resedimentation correlation or 
otherwise to relative sea-level change are essential considerations in interpreting the 
significance of submarine instability in a sequence stratigraphic context. 
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This chapter reviews the potential mechanisms for the formation of mega-breccias and 
the controls on slope instability in the light of the low angle slope and fall in relative sea-
level associated with the formation of the Aravis mega-breccias and examines the wider 
significance of these distinctive rock types in a sequence stratigraphic context. 
7.2 Megabreccia Terminology 
Carbonate mega-breccias formed as a result of major gravitational instability at 
platform margins were first identified as such in the geological record around thirty years 
ago (e.g. Rigby 1958). Before this many had been misinterpreted as patch reefs or in situ 
bioherms (e.g. Cook et al. 1972, Conaghan et al. 1976, Read and Pfeil 1983). They have 
since been described using a variety of names including debris sheets, rudite sheets, 
breccia beds, debris avalanches, olistostromes and debris flow deposits (e.g. Mcllreath 
and James 1978). Subsequently many of these terms have become corrupted to include a 
variety of genetic implications (e.g. Abbate et al. 1970). The term 'mega-breccia' 
(Mountjoy et al. 1972) has possibly been most widley adopted and is used in this thesis. 
Many examples of ancient carbonate mega-breccia have since been described (Table 7.1 
and Fig.7.1) (e.g. Bosellini 1984, Carrasco 1977, Conaghan et al. 1976, Cook et al. 
1972, Davies 1977, Eberli 1987, Enos 1974 and 1977, Harwood and Towers 1988, 
Hiscott and James 1984, Johns 1981, Krause and Oldershaw 1979, Marjanac 1985, 
Mcllreath 1977, Mountjoy et al. 1972, Obrador et al. 1992, Pray et al. 1968, Pray and 
Stehli 1962, Naylor 1978 & 1981, Playford 1980, Read and Pfeil 1983, Rigby 1958, 
Spence and Tucker 1992, Watts and Garrison 1986); however there are fewer records of 
Recent examples (e.g Crevello and Schlager 1980, Hine et al. 1992). Evidence of major 
platform margin collapse is also preseved in the form of slide scars (e.g. Mullins et al. 
1986, Pedley et al. 1992) (Table 7.2 and Fig. 7.1). 
The terminology for mass sediment transport remains ambiguous and still tends to 
vary from one author to another despite several reviews (e.g. Nardin et al. 1979, Cook 
and Mullins 1983) (Table7.3). "Slides" often refers to mass sediment displacement along 
decollement surfaces parallel to bedding with very little internal deformation of the 
lithified resedimented breccias (elastic sediment behaviour). The term "slumps" is often 
used to describe mass sediment remobilisation involving rotational movement of re-
sedimented breccias on basal listric decollement surfaces. In this thesis the term slides has 
been used to indicate resedimentation of coherent lithified sedimentary breccias whose 
internal deformation is negligible, gliding over a basal decollement plane. Sliding can 
occur above bedding-parallel decollement planes, i.e. translational sliding, or along 
listric decollement planes, i.e. rotational sliding. The term slumps has been reserved to 
describe resedimentation involving plastic internal sediment deformation of the 
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Table 7.1. 
Author( a) Location Rock Unit Age Data Type Clast F:lbrics(b) Slope Angle Clast Source Trigger( c) Relative sea-level( d) 
I. Hine et al. 1992 n9rthern Nicaraguan Quaternary Seismic Halimeda Bank-platform Seismic shock and Relative sea-level fall 
Rise. western reflection packston::, Skeletal margin relative sea-lev!l fall 
-
Caribbean Sea. (3.5kHz) vrainstgJe Chalk . 2.40 
2.Crevello & Schlager Great Bahama Bank, Quaternal)' Seismic Mudci_;. chalk Platform margin & Sediment overloading, · Relative sea-level fall 
-1980 Exuma sound reflection lithcclasts 30-35° upper slope Lowering of wave base 
(3.5-12 kHz), 
Dredging 
3. Obrador et al. 1992 Menorca (Balearic Late Miocene Outcrop Rhotiotith/ 'distally Inner & outer ramp Subaerial erot:ion Relative sea-level fall 
-Island) oolitic €rainstone steepening ramp' 
4. Harwood & Towers Little Bahama Bank Mid Miocene Multi-channel Mid & Lower Slope Regional tectonic Highstand of relative sea-
1988 seismic 0.5-4° tilting causi•.1g . level 
-
.~ 
oversteepeni ng 
5. Renz et al. 1955 Lora, Venezuela Paraguito formation Lower Outcrop Skeletaf \i,mestone, - Shelf & slope Tectonic 
Paleocene- mid orbirclina & 'Steep' oversteepeni.'1g Relative sea-level fall? 
Eocene rudis'U~Jgal reef and/or 
.. 
subaerial exposure 
6.Johns et al. 1981 South Central, Hecho Group, Eocene Outcrop Lith}~aastic ; 'upper part of Seismic sho.;k 
Pyrenees, Spain Rocal Unit car~:Jl}ate, 'gentle dip' platform margin' 
-
cak~ .reo us . 
pm9.~tone 
?.Van Hoorn 1969 South central Campo Breccia Upper Outcrop 'LimstOiif .. accessory Submarine canyon Rapid sediment':ltion 
Pyrenees, Spain Formation Cretaceous sancf;tone 'relatively steep' slope causing sedirr:ent 
-
overloadint: 
8.Davies 1977 Sverdrup Basin, Hare Fiord Cretaceous, Outcrop ·.Skeletal ~rain stone Platform shelf edge Tectonic Regression and possible 
Ellesmere Island·, Formation (Mid- up to 40° oversteepenihg/ subaerial exposure 
High Artie Pennsylvanian- seismic shoc:<s 
lower Permian) 
9. Car.:asco 1977 Sierra Madre 'Tambra' Formation Cretaceous Outcrop Rudist ·grainstone 'steep slopes' Platform margin 
- -
Oriental. Mexico 
_iAibial!) reef 
~----lO.Enos 1977 Tampico Embayment, 'Tambra' Formation Cretaceous Seismic · Pelagic \\oackestone, up to 30° Platform margin Depositional 
Poza Rica Field, (Albian- reflection Skeletal ~rainstone reef oversteepening, wave 
-· 
Mexico Cenomanian) erosion I 
.11. Garcia-Mondejar 1990 Basque-. Cantabrian 'Urgonian' Cretaceous Outcrop Bounrlstone >45° Margin foreslope Tectonism subaerial Relative sea-level fall 
region, northern (Albian) exposure & ero:;ion · 
Spain 
·( 
l2.Naylor 1981 Casanova area, Palombini Cenozoic Outcrop Hem~:el~gic . 40 Base of slope Seismic shoc.<s 
northern Apennines, limestone, Vara mudstone 
-
Italy Comp!ex 
'-· 13.Spence & Tuck~r 1992 Aravis, NW Subalpine 'Urgonian' Lower Outcrop Grainstone through <10 Outer ramp Seismic shoe cs Relative sea ... Jevel fall 
Chains. SE France Cretaceous to mudstone·. 
14.Watts & Garrison Jebel Sumeini, Oman Mayhah Formation Lower Outcrop Reefal b<:-undstone, · Platform and slope Sediment overlo<:ding, 
-1986 
'• Cretaceous calcirudites, chert, Tectonic 
-
doloinite, oolitic oversteepenir•g, 
calc~renite Seismicity 
l5.Eberli 1987 Graubunden, eastern Allgau Formation Jurassic Outcrop Corallin~: limestone, Shallow water Movement along faults 
-Alps, Switzerland 
.dolomi:.e, shale submarine highs -
16.Cossey & Ehrlich Djebel Bou Kornine, · 'Bou Kornine' Jurassic Outcrop ·Mu~;tone; 'submarine cliff' shelf and/or cliff Seismic shocl:s, 
1978 northern Tunisia biomicrite, algal tsunami, movenent 
-
lime.~tone· on growth fau'ts 
l7.Schlager &Schlager Northern Limestone 'Tauglboden- Jurassic Outcrop 'shallmv.- water >100 'Relatively small Tectonic Tectonic inversion {uplift) 
1973 Alps, Austria Schichten' fossil ~ich & submarine ridges' oversteepenirg and relative sea-level fall 
peloidal itmestone I 
- mudstone 
18.Bernoulli & Jenkyns · Norther,·, Alps SchwarLbergklamm Jurassic Outcrop Radio arian Back reef and Tectonic increase 
-1972 Breccia mudstone reef margin in relief 
~-
Table 7.1. (Continued) Genesis of carbonate megabreccias and calcitubidites I 
Author( a) Location Rock Unit Age Data Type Clast. Fabrics(b) Slope Angle Clast Source Trigger(<::) 
19. Inesonl985 Antartic Peninsula Nordenskjold Late Jurassic- Outcrop Radiolar-ian 'steep unstable margin slope Tectonic 
Formation early muc.stone . margin' oversteepening/ 
Cretaceous Seismic shocks 
20.Hendry 1972 French Alps Lower Breccia Lower Jurassic Outcrop 'Lime~tone- 'gentle slope' 
- -
Formation dolomite rock 
fragments~ 
21.Price I 978 Othris Mountains, Gavriani and Upper Triassic- Outcrop shallow·-v·;ater ooid I shelf, canyon wall 
central Greece Meterizia Lower peloidal·bioclastic 
- -
Formation Cretaceous limestone, 
calcimdites 
22.Johns 1977 Central Greece Kokkinovralkhos Trias- Outcrop 'shallow marine Platform n1argin Tectonic 
Formation Cretaceous carbc•nates', oversteepening 
laminates, 'steep slopes' 
bion-.icrites 
23.Biddlel984 Alpe di Suisi, western 'Ladinian-Carnian ' Triassic Outcrop Platform margin Subaerial erosion 
~ -
Dolomites Italy mega-breccia Lower Larnian .. 
24.Schlager et al 1992 Picco di Vallandro. 'Schlern Dolomite' Triassic Outcrop Lithified 
-
Platform margin Sea-level flucttiations 
Italian Dolomites (Larnian- · frame'milders in response to t~~ctonic 
Carnian) pulses 
25. Tucker 1991 northeast England, Raisby Formation Upper Permian Outcrop and ·. Ot.ite1 -ramp 1 Distally steepening Relative sea-le'Iel fall 
-
and adjoining North (Zechstein) core wackestone- / ramp 
Sea mud~ tone 
26.Saller et al1989 Mescalero Escarpe Bone Spring Permian Seismic Wackestone, 'near vertical' Platform margin Physical and biological 
Field, Lea County, Formation (Leonardian) reflection and packstone, erosion 
New Mexico Core graiilstone, 
dolnmite 
27.Rigby 1958 Trans-Pesco Texas - Permian Outcrop 'Ree.'rock' - Reef-back reef Tectonic til1ing 
28.Cook et al. 1972 . R<_:>cky mountains, 'Ancient wall Upper Outcrop 'Shoaf water 'higher than Platform margin Seismic sho ;ks, 
Alberta Canada builup' Devonian lim~.stone' normal' shelf and slope Tsunami 
29.Hopkins 1977 Rocky mountains, 'Miette & Ancient Upper Outcrop Pacl<.stone- Platform margin Rapid sediment 
Alberta, Canada Wall Buildup' Devonian grain:;tone & 
-
loading/unstable 
calcarenite sediment pad<ing/ 
frag!!lents high pore pressure 
30.Playford 1980 Canning Basin, Middle-Upper Outcrop Boundstone- 35-40° Reef/margin slope Seismic shocks 
Windjana Gorge, 
-
Devonian grai:IStone 
western Australia 
3l.Warme 1992 southeastern Nevada Guilmette Devonian Outcrop 'shallow-water Platform and Bollide impact 
Formation, Lower Frasnian /seismic limestone' in places platform edge 
-
Alamo Breccia dolomitised 
32.Conaghan et al. 1976 New South Wales, Nubrigyn Lower Outcrop Algal-coral 10-40° Back reef and shelf Seismic sho ~!:.:s, 
Australia Formation Devonian bounclstones, edge Tsunami> 
muc!stone, 
wacks.one and 
pacbtone 
33.Hiscott & James 1985 Newfoundland, Cow Head Breccia Cambro- Outcrop mudstone,. oolitic- 'only a few Platform margin 
Canada Ordovician skeletal ~rainstone degrees' slope 
34.Reinhardt 1977 Central Appalachians, Shady Dolomite, Cambro- Outcrop Gra·instone 'very low angle' margin shelf and 
U.S.A. Kinzer Formation, Ordovician slope 
-
Fredrich Limestone 
35.Snyder & Odell 1958 Southeast, Missouri, Barnette Formation Cambrian Mine Dolomite, shale, 8-25° Carbonate sand Oversteepeninr due to 
U.S.A. workings cakiltitite banks and algal differential 
reefs/ridges comp~cticn 
36.Mcllreath 1977 Main Ranges, Rocky : Cathedral I Middle Outcrop Al.~al 'near vertical' I shelf margin, Submarine er.)sion\ 
mountains, Southern Formation! Cambian boundstone 
Canada 'Boundary 
Limestone' , 
- - ~--- --- - -- -· - - - -- ---
Table 7.1 Review of some carbonate mega-breccias. Notes: (a) Numbers refer to position on location map (Fig. 7.1). (b) Only the fabric of breccias lithified prior to 
margin failure is given, disaggregated matrix and calciturbidites often contain contamination from the site of deposition. (c) Triggers are often speculative and several i 
may be suggested by the authors. (d) Relative sea-level is infered by the authors from sedimentological evidence and not the Haq sea-level curve. · 1 
Relative sea-level( d) 1 
-
-
-
-
Relative sea-level fall 
'Flooded platform' 
Relative sea-level fall 
Highstand I relative sea-
levelfall 
I 
High sea-level 
-
-
Transgression. Short lived 
sea-level fall and platform 
emergence 
-
-
-
-
-
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Table 7.1. (Continued) 
Author( a) Location Rock Unit Age Data Type Clast ·Fabrics(b) Slope Angle Clast Source Trigger( c) 
3 7 .Keppcr 1981 Horse Thief, Canyon, t.rmgrant Middle Outcrop Algal Syndeposi tic•nal California, U.S.A. Formation Cambrian bouncls.t6ne, 'significant slope' . platform margin faulting 
calc; I uti tc 
38.Rcad & Pfeil 1983 Austinville, Sandy Dolomite Lower to Algal Reef, shelf 
Appalachians, Kinzer Formation middle Outcrop boundstone, - edge -
southwest Virginia, Cambrian throm·oolites & 
U.S.A. stromatolites 
39.Krause & Oldcrshaw Mackenzie Sekwi formation Lower Outcrop mudstone, rna rgi n shelf-
1979 Mountains, Northwest Cambrian wackestone, -- slope --
Territories, Canada packstone, 
grainstone 
Table 7.2. 
Authors Location Rock Unit Age Depositional setting Data type . Slope angle Trigger Relative sea-level 
.. 
40.Pedley et al. Hyblean Plateau Palazzola Miocene Distally steepening Outcrop JO Seismic shock 
1992 southeastern Forn1ation ramp 
-
Sicily 
41.Mullins West Florida Mid-Miocene. Distally steepening Seismic High 
eta!. 1986 carbonate ramp reflection/Core 
-
sedimentation 
-
-
platform rates causing 
gravitational 
oversteepening 
42.Franseen Guadalupe Grayburg Permian Shelf margin Outcrop 5-35° Submarine eustatic sea-level fall 
eta!. 1989 Mountains, Formation erosion by 
Texas bottom currents 
43.Surlyk & North 
-
Silurian Platform margin Outcrop 45° 
-
Ineson 1992 Greenland 
44.Stewart et al. southeast Eldon-Pika Mid-Cambrian Platform margin Outcrop <20° Seismic shock 
1993 British Formation 
Columbian 
Rockies 
--
Fig. 7.2 Slope-parallel shear stress profiles for high and low angle slopes (arrow lengths are proportional to stress magnitJde). Slope parallel shear stress (F) increases with 
increased slope angle (proportional to the sine of slope angle). Slope-parallel shear stress also increases with increased· Jepth (d) beneath the sea-floor, independently of 
slope angle. For high-angle slopes, therefore, high slope-parallel shear stresses may be generated at shallow depth beneath the sea-floor. This may favour shallow depths 
to decollement producing thin surficial slides. High shear stress at depth on low-angle slopes may cause greater depth to •he decollement plane and hence thicker slides. 
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Fig. 7.1 Location map for mega-breccias and slide scars in Tables 7.1. and 7.2. 
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Table 7.3 Review of mass sediment transport terminology. From Nardin et al 1979. 
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remobilised strata. In this way slides may locally break down into slumps due to ingress 
of additional pore fluid during transport. 
Mega-breccia is a broad term describing the product of major catastrophic gravitational 
instability. Lithified or semi-lithified sea-floor sediment is involved in either sliding as 
large coherent blocks, reflecting elastic behaviour, or as debris flows with large boulders 
freighted along in a disaggregated matrix of greatly reduced shear strength, reflecting 
plastic behaviour, or a composite of both styles. The degree of disaggregation may 
reflect the amount of sediment agitation which occurred during transport. Individual 
debris blocks may range from less than 1 m to hundreds of metres in size and be 
transported up to tens of kilometres basinward (definition after Mountjoy et al. 1972). 
Mega-breccias are distinct from the deposits of carbonate grain flows and turbidity 
currents, both of which are turbulent flows of loose particulate sediment (Lowe 1982). 
However, mega-breccia flows may develop into turbidity currents through sediment 
disaggregation during transport (e.g. Cook et al. 1972, Krause and Oldershaw 1979, 
Davies 1977). Mega-breccias are also distinct from talus formed by sporadic rock falls, 
which generally require steep slopes and are usually confined to a narrow area on the 
uppermost part of the slope (e.g. James and Ginsburg 1979, Mullins and Neumann 1979, 
Schlager and Chermak 1979). 
7.3 Carbonate Slope Inclination 
7 .3.1 Subaerial slopes vs submarine slopes 
From observation of subaerial slump and rockfall processes, early ideas for the 
generation of submarine mega-breccias tended to invoke high-angle slopes (e.g. Moore, 
1961). However, major differences exist between subaerial and submarine slope 
environments, these include: (a) many subaerial slope processes are the product of 
tectonic or erosional oversteeping and are not a reflection of depositional slope angle, (b) 
acceleration due to gravity is lower in the submarine environment due to increased drag, 
(c) the hydraulic interstitial pore-water pressures generated in submarine environments, a 
critical dynamic control on sediment shear strength, are many times higher than those 
encountered in the subaerial realm, and (d) effective stress rather than total stress is the 
significant factor on slope stability in subaqueous systems. 
7 .3.2 Carbonate slopes vs siliciclastic slopes 
Seismic reflection profiles have revealed the presence of low-angle slides on slopes 
inclined at only a few degrees in submarine siliciclastic systems (e.g. Lewis 1971, Prior 
and Coleman 1982). However, siliciclastic slopes do not appear to provide good 
analogues for carbonate slopes. 
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Granular unlithified carbonate sediments display a higher and wider range of 
depositional angles of repose than siliciclastic sediments (Schlager and Camber 1986), 
from a few degrees up to 40 degrees for granular carbonates compared to around 6 
degrees as the upper limit for ·siliciclastics (Cook and Mullins 1983). Carbonates with 
framebuilding skeletal structural elements (reefs) are a special case and may construct 
slopes up to 90 degrees (e.g. Belize, James and Ginsburg 1979). High angles in these 
latter instances result from the near vertical growth pattern of corals and the high shear 
strengths produced by the in situ structural framework which lacks internal slope-parallel 
horizons or bedding planes which can form vulnerable surfaces of weakness. Their 
initially rigid yet porous structure also makes them more liable to early cementation. The 
large range of carbonate slope angles suggests that other factors are also involved in 
controlling slope inclination. The maximum inclination a slope can attain depends largely 
on: (a) sediment shear strength and (b) shear stress generated by the sediment pile. 
7.4 Sediment Shear Strength and Slope Induced Shear Stress 
7.4.1 Controls on sediment shear strength 
Sediment shear strength, the maximum resistance to shear stress, is influenced by 
sediment texture, fabric, cementation, mineralogy and pore-water pressure. 
Texture (grain size and shape) and fabric (grain arrangement and packing) have long 
been appreciated by civil engineers as major controls on sediment bulk properties such as 
internal angle of friction and hence shear strength (e.g. Bell 1983). The correlation of 
slope angle to sediment fabric in carbonate environments has been primarily attributed to 
variability in sediment shear strength, as have the higher inclinations of carbonate slopes 
compared to siliciclastic slopes (Kenter and Schlager 1989, Kenter 1990). 
Shear strength in carbonates increases progressively from mudstone to grainstone 
reflecting a decrease in lime mud content and a move towards grain support with 
increased grain-grain interlock. The latter results in increased internal angle of friction. 
For granular sediments intragranular friction increases with increased angularity of the 
grains, independently of grain minerological composition (Frossard 1979). Marine lime 
mud, however, exhibits different shear strengths from terrigenous muds (e.g. Kenter and 
Schlager 1989). Unlike granular sediments, mud shear strength is derived principally 
from cohesion induced by molecular attractive forces between the very small particles 
(Lambe 1960). The strength and number of these forces are dependent upon particle 
mineralogy and pore-water chemistry, especially electrolyte concentration (Sridharan and 
Roa 1979). 
Sediment shear strength generally increases with depth below the sediment sea-floor 
due to the effects of compaction (dewatering) and lithification. However horizons with 
anomously low shear strengths may occur as a result of textural/fabric changes, 
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differential cementation or underconsolidated horizons due to pore-water overpressure. 
As pore-water pressure increases above ambient levels sediment shear strength decreases 
(Terzaghi 1925). Pore-water pressure remains the most important dynamic control on 
shear strength and is discussed more fully below. 
7.4.2 Controls on slope shear stress 
Slope-parallel shear stress acting along any plane beneath the sea-floor is the product 
of the resolved downslope component of sediment 'weight' and therefore varies with 
slope angle and sediment density. Increased slope angle increases shear stress as does 
increased sediment density. Shear stress also increases with depth beneath the sea-floor 
as overlying sediment load increases independently of slope angle. High shear stresses 
may therefore be developed at depth even for very low angle slopes. This may influence 
depth to the slide plane and slide thickness. High-angle slopes may preferentially 
generate slides with shallow depths of decollement whereas low-angle slopes may favour 
greater depths to the decollement plane (Einsele 1991) (Fig. 7.2). 
Gravitational acceleration may have varied through geological time due to changes in 
the Earth's angular velocity and this would have influenced sediment weight, shear stress 
and hence slope angle (Mann and Kanagy 1990). However, its effects are likely to have 
been relatively small and do not account for the wide range of slope angles encountered 
in carbonate systems. High energy exogenic events such as storms or tsunamis may also 
induce short-lived increases in shear stress. 
7 .4.2.1 Influence of variability in sediment density on shear stress 
Sediment density is a factor often omitted in discussion of declivity but it is potentially 
significant for carbonates where contrasts in sediment density are likely to be marked. 
Carbonate bulk sediment density is influenced by: (a) proportion of aragonite to calcite in 
the sediment, (b) variability in density of the individual grain types in the sediment, (c) 
ratio of grains to lime mud, and (d) the ratio of intergranular porosity to grain/mud 
volume (Fig. 7.3). 
Calcium carbonate occurs in two crystalline forms: aragonite and calcite. Pure 
aragonite (specific density 2.85-2.94) is denser than calcite (specific density 2.71) 
(Hodgman et al. 1963). Initial grain composition and aragonite/calcite content will 
therefore have an influence upon sediment density and the instigation of gravitational 
instability. Aragonite is unstable and gradually converts to calcite with time, or increased 
pressure and/or increased burial depth (Bathurst 1976). This will cause a modification 
(decrease) in overall sediment density with time related to the initial proportion of 
aragonite in the sediment. Carbonate grains themselves also vary greatly in density. Some 
are very porous (e.g. crinoids) whereas others are very dense (e.g. belemnites). Skeletal 
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High angle slope Low angle slope 
F 
Fig. 7.2 Slope-parallel shear stress profiles for high and low angle slopes (arrow lengths are 
proportional to stress magnitude). Slope parallel shear stress (F) increases with increased slope angle 
(proportional to the sine of slope angle). Slope-parallel shear stress also increases with increased 
depth (d) beneath the sea-floor, independently of slope angle. For high-angle slopes, therefore, high 
slope-parallel shear stresses may be generated at shallow depth beneath the sea-floor. This may favour 
shallow depths to decollement producing thin surficial slides. High shear stress at depth on low-angle 
slopes may cause greater depth to the decollement plane and hence thicker slides. 
417 
.j::. 
_. 
00 
....--. (/) 
Q) 
Q) 
'--
Ol 
Q) 
-o 
..._, 
Q) 
Ol 
c 
(\) 
Q) 
a. 
0 
(/) 
40 
30 
20 
1:c- -------lll~i~~~--~--------·-~·---
Mudstone Wackestone Packstone Grainstone 
1 Increasing Sediment Shear Strength )I I 
I Decreasing Sediment Bulk Density )Ia I 
Denser Grains Lighter grains 
1 
Increasing grain (low density) to lime mud (high density) ratio (often mi~ritic) (usually_ sk.eletall )lliJitttl I e.g. ootds e.g. cnnotds •I 
I Increasing intergranular porosity ,..
1 
Fig. 7.3 Schematic conceptual correlation of slope angle to sediment texture and fabric, highlighting the causes of variation in bulk sediment density. Increases in slope 
inclination of mudstone to grainstone slope fabrics have largely been attributed to increased sediment shear strength. Also potentially significant is the variation in 
sediment density and its influence on slope-parallel shear stress. Sediment density can also be related to texture_ and fabric. S~ text for discussion. 
~ 
~ 
c., 
1.::;' 
~ 
2 
~ 
~ 
~ 
~ (I) §. 
~ 
R 
~· 
~ 
2 
C) 
~-
~ 
5.: 
.... 
~ 
c., 
Genesis of carbonate megabreccias and calcitubidites 
{b) Grainstone 
Fig. 7.4 Conceptual illustration of how differences in sediment density may influence bedding-parallel 
gravitational shear stress and hence angle of repose. Sediments with similar shear strengths may 
thereby produce markedly different angles of repose. 
v = an elemental volume of sediment acting on a bedding parallel plane, P = a similar distance 
beneath the sea-floor. g =acceleration due to gravity. d1and d2 are the respective sediment densities 
for the slopes which have a packstone fabric (a) and a grainstone fabric (b) respectively, and where: 
dl > d2 
The gravitational shearing stress acting on the plane is defined by the resultant vectors T and T' 
(shear resistance is omitted for clarity) 
When: T=T' then v.g.d 1Sin a= v.g.d2Sin f3 
Therefore : a < f3 
For lower density sediments higher slope angles are required to generate the same shearing stress 
down slope as that produced at lower angles by higher density sediments. It can also be appreciated 
that shear stress will also increase with depth beneath the sea-floor. See text for discussion. 
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grain density may be further modified by mud or cement filling intergranular pores. Non-
skeletal grains such as ooids generally have little internal porosity and so might tend to 
be denser than many bioclasts. Thus the density of carbonate sediments may be variable 
even for sediments with similar fabrics e.g. an oolitic grainstone may be denser than a 
crinoidal grainstone. 
Lime-mud has very high intergranular porosity within the top few metres of the sea-
floor (up to 90% water by volume), but decreases with depth to very low porosity. 
Dewatered lime mud is therefore comparatively dense. Increased grain to lime mud 
content may therefore decrease bulk sediment density. 
Intergranular or 'fabric porosity' is controlled by sediment texture and fabric which are 
highly variable in carbonates, much more so than in siliciclastic systems. Obviously, the 
higher the fabric porosity the lower the overall bulk sediment density since the density of 
pore fluid is less than that of lime mud or skeletal calcium carbonate. 
Variations in bulk sediment density may effect slope-parallel shear stress and 
consequently slope angl~. A slope composed of a lower density sediment (e.g. 
grainstone) can build to a higher angle before inducing the same slope parallel shear 
stress as that generated by a higher density sediment (Fig. 7.4). Conversely, slopes at 
similar angles may induce differing shear stresses if the sediment density is different. An 
increase in sediment density need not always correspond with an increase in shear 
strength. Carbonate sediments of different density may produce differing angles of repose 
before the onset of gravitational instability. 
Fabric porosity decreases with increasing lime mud content, and this increases 
sediment density. Its effect on grain-supported packs tones is to increase slope-parallel 
shear stress, potentially outweighing any advantage in increased cohesion. This may 
partially explain the observed lower slope angles of packstone compared to grainstone 
slope fabrics (Kenter 1990). Theoretically, grain-supported fabrics composed of low 
density skeletal grains and devoid of lime mud should build the highest slope angles. 
However, grains of low density may be more liable to reworking by marine-currents due 
to a corresponding decrease in their threshold velocity. 
Variability in sediment density in carbonates is potentially significant as a control on 
slope declivity in competition with sediment shear strength, due to its influence on slope 
parallel shear stress. Sediment density, like shear strength, can again be correlated with 
texture and fabric. It agrees with observations that grain-rich limestones (higher number 
of porous skeletal grains+ higher intergranular porosity= lower sediment density) build 
higher slopes than lime-mud rich limestones (few porous skeletal grains + very low 
intergranular porosity =higher density). It might also help to explain the range of slope 
angles of sediments with similar texture/fabric as described by Kenter (1990). However, 
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because of the lack of hard data about variations in carbonate density its role on slope 
inclination and instability remains conceptual and qualitative. 
7.5 Range of Carbonate Slope Angles 
The wider range of apparently stable carbonate slope angles (Kenter 1990) and their 
ability to build higher angle slopes than siliciclastic systems are a consequence of the 
much more complex textures and fabrics they can generate with allochem diversity 
reflecting local environmental controls. As a consequence carbonate slope angles may 
vary significantly spatially, even within basins and also through geological time as 
carbonate secreting organisms evolved and superseded one another resulting in 
compositional, textural and fabric differences in the original carbonate sediment. 
Characterising slopes in terms of texture and fabric, however, is not a straight forward 
process. Carbonate slopes can show significant lateral changes in texture and fabric. 
They may also vary significantly up stratigraphy even on a metre scale, especially under 
fourth or fifth order relative sea-level cyclicity producing heterogeneity with interbedded 
lime mudstones and grainstones. A general classification based on the dominant fabric 
present by volume on a slope may be misleading, as it is the weakest fabric which is 
significant in determining stability. Lime mud horizons which may be only centimetres 
thick and easily overlooked may be critical to stability. 
Furthermore, correlating ancient depositional slope angles to depositional fabrics is 
problematic. Original depositional fabrics may become modified during burial 
compaction e.g. a wackestone may be compacted to appear as a packstone (Shinn and 
Robin 1983) or depositional fabric may have been destroyed by diagenesis and 
dolomitisation. 
7.6 Carbonate mega-breccias formed on low angle slopes 
Granular carbonates are able to build stable high angle slopes before the onset of 
gravitational instability (Kenter 1990). However, the Aravis mega-breccias formed 
during a relative sea-level fall on a slope inclined at less than 1 degree which might 
otherwise have beeen expected to be kinematically ~table. Other examples of mega-
breccias formed on very low angle, low relief slopes, in relatively shallow-water grain-
rich settings have recently been described (e.g. Hiscott and James 1985, Hine et al., 
Tucker 1991, 1992, Spence and Tucker 1992, Pedley et al. 1992, Obrador et al. 1992) 
(Table 7.1). On such low angle slopes the decrease in slope angle post collapse is often 
very small or imperceptible. This suggests some other synsedimentary trigger for 
instability unrelated to slope angle. In these cases it is postulated that a significant 
reduction in sediment shear strength occurred through increased pore-water pressure 
('overpressuring'), allowing sliding to occur under existing slope-parallel shear stress 
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produced at previously entirely stable angles of slope. Exogenic factors are favoured as 
the prime causes. These initiation mechanisms for sediment instability do not require the 
slope to be at a metastable angular condition prior to failure as suggested in earlier 
studies (e.g. Cook et al. 1972, Conaghan et al. 1976, Davies 1977, Ineson 1985, Hunt 
and Tucker 1993). By significantly decreasing shear strength, sliding would appear to be 
able to occur at almost any angle of slope and the importance of this mechanism in 
generating submarine slides has probably been greatly underestimated. 
7.7 Mechanisms for Slope Failure 
There are two end members for mega-breccia and calciturbidite formation, either (1) 
increasing shear stress to exceed static shear strength through increased slope angle or 
(2) decreasing shear strength through increasing pore-water pressure to allow sliding 
under the existing slope-parallel shear stress (Table 7.4). 
7. 7.1 Increasing slope angle and increased shear stress 
Instability generating mega-breccias via increasing slope angle, causing shear stress to 
exceed existing sediment shear strength, can occur tectonically (e.g tectonic tilting, 
movement on faults, or diapirism) or by erosional oversteepening (e.g scouring by toe-
of-slope geostrophic thermal marine currents), but not, as sometimes advocated, by 
depositional oversteepening as discussed below. 
7.7.1.1 Angularly mature slopes/Depositional oversteepening 
Depositional oversteepening requires the differential in situ accummulation of 
sediment until the critical angle of repose is exceeded. The critical angle of repose is the 
maximum angle of slope relative to the horizontal at which loose particles can rest before 
the onset of gravity-induced instability and transport of excess loose sediment downslope 
under gravity (Bagnold 1941, van Burkalow 1945, Carrigy 1970). Critical angle of 
repose depends upon sediment texture, fabric, density and acceleration due to gravity. 
Re-adjustment of initially meta-stable sediment packing may also play a part. Once it is 
attained, no matter how high the rate of sediment production, slope angle will effectively 
freeze, unable to increase as further sediment is episodically transferred downslope 
through gravity flows or turbidity currents and the slope is bypassed. A slope at the 
angle of critical repose may therefore be described as angularly mature. Gravity flows 
may scour and erode the upper and mid-slope before being deposited at the toe-of-slope 
or in the basin. In this way the slope is continually readjusted back to a stable condition 
('autocyclic gravitational slope readjustment') and 'oversteepening' does not develop. 
Intuitively the critical angle of repose of loose sediment will always be lower than the 
angle of slope required to initiate shearing of the same, but lithified sediment, in order to 
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generate breccias (Fig. 7.5). This angle is here refered to as 'angle of lithi.fied shear'. 
Thus mega-breccias cannot be generated solely by depositional oversteepening. 
An important exception may be if the slope is especially rich in calcareous mud. Mud 
would increase sediment cohesion, lower the angle of repose, and cause slope 
readjustment to be propagated by plastic sediment down slope 'creep' rather than as grain 
flows or turbidity currents. This is taking place on the slopes of the modem day Bahamas 
(e.g. Towers and Harwood, 1988). Sediment creep is a slow continuous process and 
sediment transport distances tend to be short. This contrasts with the catastrophic and 
instantaneous nature of mega-breccias deposition which can stretch far into the basin. 
7. 7 .1.2 Slopes and cementation 
Despite the ability of carbonates to undergo relatively rapid near sea-floor cementation 
it is a comparatively slow process compared with sediment accumulation. Generally it 
acts too slowly to anchor gravitationally unstable loose sediment and so cannot stabilise 
a granular slope beyond the critical angle of repose. 
Angularly mature slopes at or close to the critical angle of repose are characterised by 
the deposition of calciturbidite aprons on the lower slope and on the adjacent basin floor. 
The upper and middle slope thereby becomes starved of sediment and may be eroded by 
gravity flows. Once the slope angle has stabilized at its angle of critical repose sediment 
accumulation on the slope ceases (i.e. a bypass type margin), and the relative degree of 
cementation of the remaining stagnant slope sediment may increase through time. 
Cementation will increase the shear strength of the slope increasing its stability (Fig. 7.6) 
(e.g. Little Bahamas Banks, Halley et al. 1983). Increased cementation of angularly 
mature carbonate slopes alone is therefore not a mechanism for generating meta-stable 
gravitationally oversteepened slopes which may lead to instability and mega-breccia 
formation. As mega-breccias are not triggered by depositional oversteepening they are 
not indicative of high accommodation space/high relative sea-level which would be 
required to allow for high relief, high angle slope generation. The other mechanisms for 
oversteepening, tectonics and erosion, are also unrelated to eustatic sea-level. 
However, early marine cementation of a slope is not always pervasively developed 
throughout the strata. Differential cementation may occur preferentialy at particular 
horizons in the succession (related to changes in porosity, permeability, pore-fluid 
flushing, sediment mineralogy, or depositional hiatuses) to produce a layer cake of 
alternating cemented and uncemented horizons. For example seismic sections through 
the leeward margins of Holocene carbonate platform sands in the Little Bahama Bank 
reveal numerous thin laterally continuous cemented horizons within an otherwise 
uncemented carbonate sand succession (Halley et al. 1983). Laterally extensive cemented 
horizons can act as hydrological barriers or caps trapping the pore fluid in the underlying 
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Unlithified 
Angle of Repose 
Maximum angle relative to the horizontal 
at which loose particles will stand stably 
when piled 
8 < 
Semi-lithified I Lithified 
Angle of Lithified Shear 
Angle relative to the horizontal at which 
shearing and sliding will commence 
Fig. 7.5 Critical angle of repose is always lower than the angle required to initiate instability of the 
same sediment which has been lithified, the 'angle of lithified shear'. This suggests that the onset of 
gravitational instability of loose unlithified sediment as calciturbidites will always prevent 
'depositional oversteepening' progressing to generate mega-breccias. 
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Fig. 7.6 Schematic graphical representation of granular carbonate slope development illustrating 
slope angle growth and degree of cementation versus time, and highlighting the ranges and 
susceptibility of the slope to endogenically and exogenically triggered slope instability. Mean constant 
sediment production rates are assumed throughout only for ease of illustration. The slope will initially 
build steadily (unbroken black line) unless effected by exogenically triggered instability such as 
storms, seismicity etc. facilitating a decrease in slope angle (A) (dashed line) after which it will 
continue to steepen steadily until the angle of critical repose is reached (B) (angle of critical repose 
defined in Fig. 7.5). Cementation has a negligible effect on stabilizing the loose sediment when the 
critical angle of repose is first reached. Degree of cementation is shown by the alternate dot-dash line. 
As sedimentation continues loose excess sediment is transferred down slope under gravity as 
calciturbidites effectively 'freezing' slope angle at the critical angle of repose and continually 
returning it to a gravitational stable condition (autocyclic gravitational slope readjustment) (C). 
Calciturbidites may cause some scouring of the underlying slope sediment producing further low 
amplitude decreases in slope angle. Exogenic triggers may still act during this phase (D) (dashed 
line). As time elapses the degree of cementation of the stagnant slope sediment increases, effectively 
increasing sediment shear strength and increasing slope stability. Vulnerability to exogenic triggers 
initially increases with increased slope angle reaching a peak susceptibility at the initial attainment of 
critical angle of repose reflecting a corresponding increase in shear stress and therefore requiring 
lower magnitude triggers to instigate slope failure (dotted line). As the degree of cementation 
increases so does resistance to both endogenic and exogenic triggers and susceptibility to instability 
decreases. 
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strata to form confined aquifers isolated from hydrostatic head. Confined aquifers formed 
in this way may have an important role in allowing overpressure to build up at discreet 
horizons beneath the sea floor. Overpressure can exert a significant influence on slope 
instability as discussed below. 
7.7.2 Pore-water overpressuring and shear strength 
Changes in pore-water pressure and the rate at which the sediment is able to dissipate 
excess pore-water pressure are major dynamic controls on sediment shear strength. 
Increases in pore-water pressure, or pore-water 'overpressuring', relative to the ambient 
pore-water pressure induced by the hydrostatic fluid column (relative sea-level), can be 
visualized as reducing the load supported by the sediment fabric through grain-grain 
contacts. This decreases granular interlock and hence frictional shear strength. It can also 
be expressed empirically via the Mohr-Coulomb Failure Criterion in terms of effective 
stress. 
The total normal stress ( cr) on a plane in a sediment is the force per unit area 
transmitted in a normal direction across that plane imagining the sediment to be a solid. 
The effective normal stress ( cr') on the same plane represents the force transmitted 
through the sediment framework only, at grain-grain contacts. Pore-water pressure (u) is 
the pressure of the water filling voids between grains. Total normal stress is the sum of 
pore-water pressure and effective normal stress (Terzaghi 1925). Therefore, increases in 
pore-water pressure generate corresponding decreases in effective normal stress, the 
stress transmitted through the grain fabric (Fig. 7.7): 
cr' = cr - u ( 1) 
By decreasing effective normal stress the Mohr-Coulomb Failure Criterion shows that 
effective shear strength is also reduced as sediment cohesion becomes the main control. 
't = c' + cr' tan0' (2) 
't =shear strength, c' =effective cohesion, 0' =effective angle of shearing resistance 
If the resultant decrease in shear strength is very large this can lead to total sediment 
liquefaction or 'boiling'. Liquified flows may develop even on low angle slopes, and 
these may subsequently develop into turbidity currents. Liquefaction may occur at 
discreet less lithified horizons beneath the sea floor related to changes in fabric, porosity, 
and differential cementation. The larger the magnitude of decrease in shear strength the 
lower the angle of slope required to generate instability. High pressure fluidized sediment 
at the failure plane may then play a crucial role in helping propagate sliding of overlying, 
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Fig. 7.7 Relationship between total stress (s), effective stress (s') and pore water pressure (u) 
illustrated for a plane x-x in a submarine grainstone in which interstitial pore space between grains is 
filled with water. The apparent wavy plane x-x approximates to a true plane on a large scale. 
Resistance to a normal load P, produced by hydrostatic head and sediment pile weight, over an 
elemental area A, is divided between the sediment skeleton through intergranular forces at grain-grain 
contacts and pressure in the pore water. lntergranular forces are randomly oriented and variable in 
magnitude, reflecting grain arrangement, but along the plane x-x they may be resolved into normal 
(N') and tangential (T) vectors. Effective normal stress is the sum of all N' components which impinge 
on the plane x-x within the area A, divided by that area. 
a'=m 
A 
Total normal stress is given by the total load divided by the total area. 
a=f 
A 
Assuming point contacts between grains, pore water pressure acts on the plane over the entire area A. 
For equilibrium normal to x-x. 
P=2:N' + uA i.e. a= a' +u 
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Fig. 7.8 (a) Kinematically stable slope. (b) Preferential increase in pore-water pressure (dotted line) at 
a discrete horizon beneath the sea-floor, most likely in response to an exogenic trigger, results in a 
decrease or total loss of sediment shear strength (dashed line). Overlying more lithificd/cemented 
sediment above this decollement horizon undergoes sliding as coherent slide blocks when the existing . 
slope-parallel shear stress exceeds this decreased shear strength. Overpressured fluidised sediment at 
the slide plane helps propagate sliding by increasing debris buoyancy. (c) During sliding excess pore-
water pressure is dissipated and there is a corresponding recovery in sediment shear strength and 
increase in basal friction at the slide plane. If this occurs more rapidly than loss of gravitational 
momentum with decreased slope angle the slope may be returned to a stable condition and debris 
flows be frozen with no modification in slope angle post failure (i.e. a = ~). 
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more lithified sediment, by increasing debris buoyancy and reducing friction at the base 
of the slide before being dissipated. As excess pore-water pressure escapes during 
sediment motion there will be a corresponding recovery in sediment shear strength and 
increase in basal friction at the slide plane. This will act to halt sediment motion returning 
the slope to a stable condition. Unlike instability of initially oversteepened slopes 
discussed earlier, which always results in a decrease in slope angle, this mechanism 
allows for the possibility of a return to a stable condition with no, or very little, reduction 
in slope angle if loss of excess pore-water pressure and subsequent shear strength 
recover cause cessation of motion more rapidly than loss of gravitational momentum 
through decrease in slope angle (Fig. 7.8). Transport distances of the debris would also 
tend to be shorter. By significantly decreasing shear strength, sliding can therefore occur 
at almost any angle of slope. This mechanism for initiating instability appears the only 
one able to explain sliding on very low angle slopes in relatively grain-rich and hence 
high shear strength carbonate environments. Exogenic agents are considered most likely 
for generating increases in pore-water pressure. It is not only the rate at which triggers 
can generate pore-water pressure increases that is important but also the rate at which 
the sediment is able to dissipate these relative increases. The latter of course is a function 
of permeability and drainage path length. In coarse-grained porous strata pore-water 
pressure increase will be ephemeral and dissipate rapidly, whilst in finer grained or more 
micritic strata re-equilibration to background pore-water pressure will be slow. This will 
produce differing pore-pressure and sediment responses to similar magnitude disturbing 
events. It also opens the possibility of 'staged' increases in pore-water pressure through 
time in response to cyclical triggers at discreet horizons beneath the sea-floor. 
7.8 Triggers for Slope Failure 
Slope instability either through increased shear stress or loss of shear strength can be 
induced in many ways (Table 7.4). The most important triggers are: 
7.8.1 Gas Charging: 
Decay of organic matter in carbonate systems can lead to the formation of methane and 
other hydrocarbon gases. These may be held in one of three phases depending upon the 
prevailing confining pressure and temperature conditions: ( 1) as a solution of dissolved 
gas in pore-water; (2) in a solid or clathrate state as gas hydrate (an ice-like 
water/methane substance) or (3) as 'bubble-phase' gas. Gas held in solution or as 
hydrates can change to the bubble phase through a reduction in confining pressure and/or 
increase in temperature. The resulting gas charging of the sediment increases pore-
pressure and decreases shear strength. This may occur very rapidly to cause catastrophic 
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sea-floor instability (e.g. Barnes and Lewis 1991, Coleman 1976, Dingle 1980, Doyle 
1978, Summerhayes 1979). 
It has been suggested that such changes in temperature and pressure could be induced 
by relative sea-level fall (Haq 1993) and so provide a link between mega-breccia 
formation and relative sea-level change. However, changes in other environmental 
factors can also influence temperature and pressure at depths of carbonate deposition, 
without necessarily requiring a change in relative sea-level. Changes in global circulation 
patterns with a switch-over from cold to warm water marine-currents may mimic similar 
effects to those produced by sea-level fall, with alterations in pressure caused by changes 
in water density and temperature. Short term alterations in global circulation patterns 
which transfer warm equatorial waters polewards can occur seasonally or annually (e.g. 
Florida Current, Niller 1975). An apparent cyclical pattern may occur over several years 
as in the 'El Nino' warm ocean surge which occurs every seven to fourteen years in the 
Southern Pacific (Philander 1990, Diaz and Markgraf 1992). On a geological time scale 
circulation patterns are linked to global macro-climate, including wind direction patterns 
and relative continent position, and will therefore also have been effected by plate 
tectonics. 
7 .8.2 Gravitational Compaction: 
As compaction under sediment load proceeds void space between grains decreases and 
pore-water pressure may increase if permeability is low and pore-water is unable to 
escape. Impermeable micritic or cemented horizons may play important roles in 
preventing early dissipation of the resulting pore-fluid overpressure by trapping pore 
fluid in underlying strata. Differential cementation may itself also increase loading and 
generate overpressure in an underlying uncompacted muddy sediments causing failure 
(pers comm. Mountjoy). 
7.8.3 High Sedimentation Rates: 
If sedimentation rate is high and the sediment is fine grained, pore-water may be 
trapped more rapidly than it is able to dissipate. This can lead to sediment 
underconsolidation and pore-water overpressuring which may induce instability (e.g. 
Prior and Coleman 1980). This mechanism is probably restricted to shallow burial depths 
beneath the sea-floor. 
7 .8.4 Cyclical loading by waves and storms: 
Surface waves can transmit stress to the sea-bed (Henkel 1970). They also act 
cyclically to raise the pore-water pressure as increases in hydrostatic head during wave 
peaks force water into the sediment more quickly than it is able to dissipate during wave 
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troughs. This is due to the hydraulic gradient at the water/sediment interface being larger 
during wave peaks in comparison to the reverse hydraulic gradient which exists from 
sediment to seawater during wave troughs. Storms and tsunamis magnify this effect in 
terms of magnitude and rate (e.g. Kasten and Cita 1981). Temporary exposure of the 
platform during storms and the impact of storm waves can impart a high level of 
kinematic energy to the platform which will locally increase shear stress. This effect may 
be enhanced during relative sea-level shallowing with a lowering in wave base (e.g. 
Crevello and Schlager 1980). 
7.8.5 Tidal loading: 
Tidal activity causes fluctuations in hydrostatic head leading to cyclical loading of the 
sediment. During high-tide hydrostatic head is at its peak forcing water into the 
sediment. During low-tide the increases in sediment interstitial pore-water pressure will 
begin to dissipate from the sediment now under lower hydrostatic pressure. However, 
not all the excess pore-water may be dissipated before the next high-tide leading to a 
progressive increase in pore-water pressure. Tidal loading may also aid compaction or 
promote instability by increasing load. 
7 .8.6 High relict pore-water pressure: 
In low permeability strata during a relative sea-level fall pore-water pressure may be 
partially retained, due to very slow dissipation rates. This will lead to relative 
overpressuring in relation to the new lower relative sea-level hydrostatic head causing 
significant slope instability as overpressure catastrophically escapes (e.g. the 
resedimentation of micritic pelagic breccias, Hilbrecht 1989). High porosity confmed 
aquifers (e.g. grainstones) isolated by micritic stratal caps or preferentially cemented 
overlying horizons may also become overpressured in this way during relative sea-level 
falls initiating mega-breccia or calciturbidite deposition (Fig.7.9). Resedimentation 
generated in this way may be an important process during lowstands of relative sea-level 
(e.g. per. comms. Eberli, Ineson). However, overpressure generation by this mechanism 
requires a time span of several thousands of years. 
7 .8. 7 Bearing Capacity Failure: 
As reef sediments prograde over weaker more muddy lower slope and basinal facies 
the weight of reef sediment can lead to bearing capacity failure or trigger failure by 
causing differential compaction of the underlying strata (e.g. Cook et al. 1972). 
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7.8.8 Seismicity: 
Seismicity can increase shearing stresses asP and S waves are transmitted through the 
sediment pile, but its dominant effect is cyclically to increase pore-water pressure. It is 
the most rapidly-acting mechanism for increasing pore-water pressure and is probably the 
most common exogenic trigger (e.g. Cook et al 1972, Field et al1982, Hine et al. 1992, 
Marjanac 1985, Mullins et al. 1986, Mutti et al. 1984, Naylor 1981). Seismicity may 
generate significant overpressures instantaneously. Seismicity has a greater propensity to 
cause instability on low angle slopes in subaqueous systems than in the terrestrial 
environment possibly because pore space is usually exclusively occupied by pore fluid 
already at a relatively high pressure. The presence of confined aquifers and aquitards in 
the sedimentary succession which inhibit rapid dissipation of overpressure increase the 
suseptibility of marine slopes to seismic shocks. Recent earthquakes have caused failure 
on submarine slopes as low as 0.25 degrees on the continental margin off California as 
revealed by seismic sections (Field et al. 1982). 
7.9 Relationship between mega-breccia triggers and relative sea-level 
change 
From a consideration of the above mechanisms it can be seen that both relative rise and 
fall of sea-level could have a casual link to mega-breccia formation; whilst some 
mechanisms are entirely independent, others show conflicting preferences. Overall 
periods of relative sea-level fall appear to be more favourable for mega-breccia formation 
agreeing with the documented trend revealed by the case studies in Table 7 .1. However, 
random exogenically-triggered instability prevents any consistent correlation between 
sea-level change and mega-breccia or calciturbidite deposition. 
Evidence for the actual initiating triggers in ancient mega-breccias are naturally rarely 
preserved so that their nature is speculative. Underlying reasons for the triggers 
themselves are even more tenuous and often non-unique; for example ( 1) gas charging 
may be favoured by relative sea-level lowering, but the same changes may be emulated 
by changes in sea-water circulation patterns. (2) Seismicity may be triggered as an 
isostatic response to removal of load during sea-level fall, or to movement along 
basement faults, or tectonic stress. Compound triggers are also a possibility e.g. (1) 
seismicity may induce tsunamis, and (2) gas charging may make sediment more 
susceptible to seismic shock. 
Although some of the triggers described above do involve geologically instantaneous 
high intensity events, more gradualistic triggers are also possibilities, which can equally 
result in catastrophic sea-floor instability. In short there are many different potential 
initiators of sea floor instability which may produce similar sedimentological signatures 
and this is the inherent danger in oversimplify complex systems. 
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7.10 Subaerial Platform Exposure 
Whilst this discussion is essentially concerned with submarine carbonate systems a brief 
but important mention of emergent carbonate platforms is warranted. Platform-top 
emergence is a common feature of relative sea-levellowstands. 
During sea-level lowering the effects of wave action and storms impacting on the 
platform margin may be enhanced (e.g. Crevello and Schlager 1980). As the platform 
becomes emergent interstitial pore-water drains from the system and sediment buoyancy 
is lost causing an increase in sediment 'weight'. This increase in stress has been 
experimentally shown to be capable of triggering catastrophic collapse during emergence 
(Einsele et al. 1974). This may form 'lowstand breccias', prior to significant meteoric 
diagenesis, at emergent platform margins during relative sea-level falls or lowstands of 
relative sea-level (Fig. 7.1 0). A growing number of examples of mega-breccia deposition 
coincident with lowstands of sea-level and/or platform exposure have been described 
which may have been triggered in this way Table 7.1 (e.g. Bosellini 1992, Biddle 1984, 
Crevello and Schlager 1990, Davies 1977, Doglioni et al. 1989, Driscoll et al. 1991, 
Garcia-Mondejar 1990, Hine et al. 1992, Ineson and Surlyk 1992, Obrarador et al. 1992, 
Playford 1980, Sarg 1988, Tucker 1991). However, these must be balanced against the 
small number of megabreccias that have been described which are coincident with rise or 
high stands of relative sea-level (e.g. Mullins et al. 1986, Harwood and Towers 1988, 
Saller et al. 1989) when attempting to identify generalised trends. There may be a 
problem in recognising mega-breccias as forming at highstands or lowstands of sea-level 
if there is no evidence of exposure (palaeokarst or pedogenesis) in the breccia clasts. 
As the increase in stress during emergence of the platform is pervasive throughout the 
drained sediment pile it is possible that shearing will occur oblique, rather than parallel to 
bedding. Collapse may thus affect several facies belts and facilitate a greater degree of 
initial admixing to form a chaotic polymictic mega-breccia. This may help distinguish this 
type of 'lowstand breccia' from its counterpart initiated in a submarine environment, 
which tends to occur parallel to bedding, so that there is not so much primary admixing. 
In submarine slides the degree of disaggregation and admixing may well reflect transport 
distance, the greater the transport distance the more likely further sediment break down 
will occur as the sediment is agitated. Once exposed the platform becomes susceptible to 
the usual elements of subaerial erosion and denudation, producing further debris which 
may be transported basinward. 
7.11 Sequence Stratigraphic Significance 
7.11.1 Endogenic resedimentation patterns 
Standard sequence stratigraphic models based on siliciclastic systems assert that 
maximum resedimentation to the basin occurs during sea-level lowstands (e.g. 
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Fig. 7.10 Platform exposure during relative sea-level lowstands significantly reduces carbonate 
production and inhibits calciturbidites from being deposited on the foreslope. The resulting drainage 
of pore-water from the system means a decrease in 'buoyancy' of the exposed strata as the increment of 
sediment weight once supported by pore-water is added to that supported by the sediment skeleton 
alone at grain-grain contacts. This increase in weight can trigger catastrophic failure, with shearing 
more likely to occur obliquely to bedding than in marine systems, producing a polymictic debris flow 
or mega-breccia. Karstification will occur on the exposed platform. This constitutes a form of 
'lowstand shedding' in carbonates involving lithified, rather than loose material (i.e. mega-breccias). 
436 
Genesis of carbonate mega-breccias and calciturbidites 
Posamentier et al. 1988, Posamentier and Vail 1988, Haq et al. 1987 and 1988, Vail et 
al. 1977, Vail 1987, Vail et al. 1991, Van Wagoner et al. 1988). Initial developments of 
these models for application to carbonate systems also suggested this (Vail 1987, Sarg 
1988, Vail et al. 1991). However, it has been proposed that carbonate and siliciclastic 
systems differ in this respect, responding in exactly the opposite way during a sea-level 
cycle (Mullins 1983). This is currently a topic of some debate (e.g. Aubert and Vail 
1992, Bosellini 1992, Driscoll et al. 1991, Driscoll 1992, Schlager 1991 and 1992). 
A fundamental difference between carbonate and siliciclastic depositional systems is the 
source of sediment generation and supply. For carbonates marine biogenic and 
chemically-precipitated sediment is generated within the depositional environment. For 
marine siliciclastic systems sediment is imported from an external subaerial source far 
removed from the site of deposition. This makes carbonates potentially much more 
sensitive to changes in the local marine environment, in addition to relative sea-level 
change. Important additional environmental factors include, temperature, nutrient supply, 
oxygenation, salinity, water energy, currents, sunlight penetration and terrigenous 
sediment input. 
Studies of carbonate systems to date appear to indicate that maximum shedding of 
loose relatively fresh granular sediment off platform margins as calciturbidites took place 
during highstands of relative sea-level ('highstand shedding') (Droxler and Schlager 1985, 
Hine et al. 1981, Mullins et al. 1984, Glaser and Droxler 1991, Reymer et el. 1988, 
Schlager et al 1994 ). It has been suggested that this coincides with peak carbonate 
production on the flooded platform-top (e.g. Mullins 1983, Schlager 1991). This has 
caused some to predict that lowstand wedges will be volumetrically insignificant or 
absent in carbonate depositional systems (Schlager 1991). However, there is no reason 
why the slope may not reach a critical angular condition initiating gravity-driven 
resedimentation during any phase of a sea-level cycle provided the platform remains 
submerged. However, it is most likely to occur during transgression when there is 
continuously expanding accommodation space available for slope steepening. In effect 
sea-level change is subordinate to the critical angle of repose of the slope in triggering 
resedimentation. This is not to say that slope instability and calciturbidites may not be 
generated by other triggers such as seismicity, storms or marine currents irrespective of 
slope angle (e.g. Mutti et al. 1983) (see Chapter 8). 
Siliciclastic systems on the other hand undergo maximum shedding through gravity 
flows during lowstands of sea-level ('lowstand shedding') when terrigenous 
sedimentation rates are highest and rivers are able to deposit sediment farther out on the 
shelf. Little work has so far been undertaken on the effects of terrestrial environmental 
and climatic changes on sediment production for siliciclastic systems. 
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During regression and lowstands of relative sea-level carbonate production may 
become greatly reduced or 'switched off as the platform-top becomes exposed. During 
exposure loose granular sediment is rapidly cemented up meteoric diagenesis. 
Calciturbidite generation will thus be prevented. However, as shallowing progresses 
prior to exposure the platform margin/upper-slope may become more susceptible to 
instability induced by wave or storm action as wave base is lowered. Relative 
overpressuring of confined aquifers in comparison to the lowered relative sea-level may 
trigger resedimentation of semi-lithified or lithified limestones, or increase slope 
susceptibility to other exogenic triggers e.g. seismicity. As sea-level continues to fall 
platform exposure causes a return to a total stress regime and a loss in sediment 
bouyancy which may again initiate catastrophic instability and mega-breccia formation. 
These two contrasting mechanisms of overpressuring or loss of sediment buoyancy may 
provide a form of catastrophic 'lowstand shedding' in carbonates which differs from 
highstand times by being characterised by the deposition of mega-breccias of lithified 
material, rather than calciturbidites. The Aravis 'lowstand' mega-breccias may have 
formed in this way. (Other potential examples include Davies 1977, Enos 1977, Crevello 
and Schlager 1990, Driscoll et al. 1991, Bosellini 1992, Playford 1980, Biddle 1984, 
Sarg 1988, Doglioni et al. 1989, Garcia-Mondejar 1990, Hine et al 1992, Obrador et al. 
1992 Tucker 1991) (Table 7.1). Carbonate "lowstand wedges" composed of mega-
breccia deposits may in some instances be comparable in size to siliciclatic lowstand 
wedges or carbonate calciturbidite highstand wedges. However, in general they might be 
expected to be smaller than either (per. comm. Maurice Tucker). Catastrophic collapse 
of platform margins in carbonate systems may therefore volumetrically compensate for 
the lack of fresh granular sediment supply to the margin fore-slope during lowstands of 
relative sea-level. At a scale of seismic resolution highstand calciturbidite and lowstand 
mega-breccia "wedges" may be indistinguishable. The predicted absence of lowstand 
wedges/aprons in carbonate systems based on the premise of a reduction in carbonate 
factory production on the platform-top during lowstands of relative sea-level 
documented for Recent (Bahamian) carbonate platforms (e.g. Schlager 1991, 1992), 
must therefore be qualified. Highstand and lowstand wedge geometries may both 
develop in carbonate systems but differ in composition from reworked lithified breccias 
or 'fresh' factory deposits respectively. 
If catastrophic platform-margin collapse does not occur during a lowstand of relative 
sea-level subaerial exposure and erosional processes may still provide some reworked 
debris to the foreslope but this is likely to be volumetrically small in comparison to that 
produced by lowstand margin collapse or 'fresh' loose sediment exported to the slope 
during highstands. This may reflect the dominance of chemical weathering over 
mechanical erosion in subaerial limestone terrains. However, notable documented 
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examples exist from seismic sections where resedimentation of debris to the foreslope 
remained volumetrically high during platform-top exposure (e.g. Broken Ridge carbonate 
platform, S.E. India, Driscoll et al. 1991, Driscoll 1992). The extent to which debris is 
reworked from exposed platform-tops and upper margin foreslopes may also in part 
reflect the different degrees of limestone cementation and .induration by early diagenesis 
linked to original depositional climate and sediment mineralogy (see Chapter 2). 
7 .11.2 Exogenic resedimentation patterns 
All the above generalizations suppose an intrinsic, or endogenic trigger linked to 
relative sea-level change as the primary cause of slope failure and resedimentation. 
Exogenic triggers have been shown to operate throughout the depositional cycle, 
independent of relative sea-level change or with relative sea-level showing no uniform 
pattern of enhancing or suppressing triggers. 
Exogenic triggers can generate instability on previously stable slope angles, even less 
than 1 degree, initiating calciturbidite or mega-breccia deposition. Although instability 
can therefore occur on any angle of slope, there may be a trade off between slope angle, 
and therefore implied slope parallel shear stress, and trigger magnitude. Higher angle, 
higher shear stress slopes may thus require lower magnitude triggers to initiate 
instability. Consequently many slides on apparently high-angle slopes may not be due to 
tectonic or erosional oversteepening but again have been instigated by a decrease in 
sediment shear strength through overpressuring in response to seismic activity. Rapid 
overpressure, generated instantaneously by seismicity has probably been greatly 
underestimated as a cause of submarine slope instability. Well-cemented high-angle 
mature carbonate slopes do not induce meta-stability which may initiate mega-breccias as 
apparently implied in some sequence stratigraphic models (Vail et al. 1991). Differential 
cementation forming confined aquifers may increase sediment suceptibility to instability 
created by seismic shocks. 
Exogenic triggers show irregular random periodicity but have potentially much higher 
frequency than triggers linked to sea-level change. In the geological record 
resedimentation triggered in this way is often indistinguishable from that triggered 
endogenically. Therefore, the primary pattern of resedimentation linked to the extremes 
of the relative sea-level cycle described above may be masked by the overprinting effects 
of exogenically induced instability which can occur at any time in a cycle of sea-level 
change (Fig. 7.11 ). 
7.12 Synchroneity to sea-level changes 
Mega-breccias and calciturbidites may thus show an increased propensity to occur 
during lowstands and highstands of relative sea-level at carbonate platform margins 
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Fig. 7.11 Instability and resedimentation patterns related to sea-level change forming at the extremes 
of a sea-level cycle 'highstand' (a) and 'lowstand' (b) respectively may be effectively masked in the 
geological record by random exogenically-induced instability which can occur throughout a cycle (c). 
440 
.Down 
Genesis of carbonate mega-breccias and calciturbidites 
respectively, but because of the competing influence of exogenic triggers they are not of 
themselves diagnostic of relative sea-level change. Caution must be exercised in their 
interpretation in a sequence stratigraphic context. 
7.13 Mega-breccia Provenance 
Existing examples of where and on what type of platform resedimentation in carbonate 
systems is most likely to be developed may in part reflect selective bias of the examples 
of margins studied to date. Study has tended to be focused on modem high-angle, often 
by-pass type margins, which are best developed in intercratonic and oceanic settings (e.g. 
Bahama Banks) and for which ancient examples are easier to interpret at outcrop and in 
the subsurface using seismic lines at lower resolutions. By comparison, low-angle and 
low relief margins and carbonate ramps have tended to be neglected, although they are 
likely to have been equally important in the geological past, especially in intracratonic 
basins and epeiric seas (Enos and Moore 1983). Major slide scars and mega-breccias 
recording catastrophic collapse on low angle slopes such as the Aravis mega-breccias, 
and other recently described examples (e.g. Garcia-Mondejar 1990, Hine et al. 1992, 
Obrador et al. 1992, Pedley et al. 1992, Tucker 1991) indicate that high-angle slopes are 
not necessary for mega-breccia formation. Mass gravity flows in such low-angle, low-
relief environments may tum out to be much more widespread than previously indicated. 
Such developments must be allowed for in formulating future carbonate sequence 
stratigraphic models if existing bias is not to be perpetuated. 
7.14 Conclusions 
(1) Mature-angle carbonate slopes at the upper limit of critical angle of repose are 
characterised by mass gravity flows which bypass and erode the mid-slope, with the 
deposition of calciturbidites at the toe-of-slope or in the basin, and enhanced slope 
cementation. 
(2) Relative sea-level is subordinate to critical angle of repose of the slope in 
generating gravitational instability and basinward resedimentation of fresh loose granular 
margin-derived sediment as calciturbidites. The critical angle of repose may be attained 
during any phase of the sea-level cycle provided the platform remains submerged, but is 
most likely to be reached during relative sea-level rise when there is continuously 
expanding accommodation space for slope steepening. 
(3) Increased submarine cementation of mature angle carbonate slopes alone is not a 
mechanism capable of producing oversteepened meta-stable slopes and hence 
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gravitational instability as implied in some sequence stratigraphic models, but conversely 
acts to increase shear strength and increase slope stability. 
(4) Critical angle of repose is linked to sediment shear strength and slope parallel 
shear stress generated by the 'weight' of the sediment pile. Shear strength is effected by 
grain interlock, mineralogy, pore-water pressure and cementation. Shear stress is 
effected by sediment density, slope angle and short lived increases induced by exogenic 
agents. 
( 5) Variability in the inclination of mature angle carbonate slopes reflects their greater 
diversity in shear strength as a consequence of their more varied textures and grain 
morphologies, influencing internal friction and cohesion. Potential differences in 
carbonate sediment densities, which can induce different slope parallel shear stresses at 
similar slope angles may also be a factor. Difference in carbonate slopes angles spatially 
within basins may reflect local environmentally-governed sediment composition. Slope 
angles may also vary through geological time in a break with uniformitarian principles, as 
carbonate-secreting organisms evolved, became extinct and succeeded one another. 
( 6) Established models for mega-breccia formation tend to emphasise increased slope 
parallel shear stress, produced by increased slope angle overcoming a more-or-less static 
shear strength. However, many exogenic triggers act primarily to increase pore-water 
pressure thereby decreasing shear strength and allowing slope instability on previously 
•stable even very low angles of slope or ramps. Excess pore-water pressure and fluidised 
sediment at the slide plane plays a crucial role in propagating sediment transport of more 
lithified sediment before being dissipated. Exogenic triggers, especially seismicity, acting 
in this way are probably the most common cause of submarine instability. Mega-breccias 
may be much more common in low-angle depositional settings, such as carbonate ramps, 
than previously assumed. 
(7) Carbonate platforms may exhibit a propensity to shed loose fresh granular sediment 
to the foreslope as calciturbidites during marine transgressions or highstands when slope 
angle is most likely to be at a critical angular condition and carbonate production is at its 
peak. During lowstand of relative sea-level the carbonate factory contracts and carbonate 
production is greatly reduced largely inhibiting calciturbidite deposition. Several authors 
therefore predicted that lowstand wedges in carbonate systems will be absent (e.g. 
Schlager 1992). However, relative overpressuring of confined aquifers during relative 
sea-level falls may create instability and deposit mega-breccias. During lowstands 
exposure of the platform and loss of sediment buoyancy may also trigger catastrophic 
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failure forming mega-breccias. Lowstand shedding in carbonate systems may therefore 
be characterised by the deposition of lithified resedimented megabreccias to the foreslope 
and basin cannibalised from the platform margin. In some instances such lowstand mega-
breccia wedges may be comparable in volumetric size to those deposited during 
siliciclastic lowstand, or carbonate highstands. However, in general they might be 
expected to be volumetrically less significant. 
(8) Exogenic triggers show random periodicity and may occur out of step with sea-
level changes. They may also occur with higher frequency than endogenic triggers linked 
to the cycle of relative sea-level change. Instability initiated in this way is often 
indistinguishable from resedimentation triggered endogenically. In the geological record 
they may therefore mask any primary pattern of instability linked to the sea-level cycle. 
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Mechanisms of Platform Progradation and their 
Implications for Carbonate Sequence 
Stratigraphic Models 
8.1 Introduction 
The widespread use of seismic stratigraphy from the late 1970s onwards in the 
investigation of ancient carbonate platform margins has led to the emergence of a more 
dynamic perception of the how carbonate platforms evolved in three-dimensions (e.g. 
Bally 1980, Driscoll et al. 1991, Halley et al.1983, Harwood and Towers 1988, papers in 
Payton 1977, Purdy 1980, Tyrell and Davis 1989). Seismic sections showing ancient 
carbonate stratal geometries reveal that throughout their 'lifetime' individual platforms 
experienced significant phases of growth and change in morphology both vertically 
(aggradation) and horizontally (progradation), punctuated by periods of little or no 
growth. During periods of expansion platforms may undergo aggradation only, 
progradation only, or simultaneous aggradation and progradation. The elucidation of 
preferential periods of platform growth, from stratal geometries, within a cycle of 
relative sea-level in order to test sequence stratigraphic principles is now highly topical. 
Episodes of basinward lateral platform margin growth are recorded in seismic section 
by a series of sub-parallel high angle sloping prograding depositional surfaces 
(clinoforms) that can be traced back to the platform-top (Mitchum1977) (e.g. Bally 
1980, Halley et al. 1983, Purdy 1980) (Fig. 8.1 ). Similar prograding clinoform 
geometries have subsequently been described at ancient platform margins in outcrop. 
(e.g. northern Triassic Dolomites of the southern Italian Alps, Bosellini 1984, Cretaceous 
Urgonian platform of the Subalpine chains of S.E. at La Montagnette, Jacquin et al. 
1991, (Fig. 8.2). Despite initial doubts prograding platform-margin clinoform stratal 
geometries in high resolution seismic sections and outcrop have recently been 
demonstrated to be comparable with one another (e.g. Stafleu and Everts 1992, Stafleu 
and Schlager 1993). Outcrop examples of prograding only platforms, which lapout at the 
platform-top, include the late Carnian (Triassic) Diirrenstein succession of the Italian 
Dolomites (e.g. Schlager and Nicora 1979). Coeval aggradation and progradation 
composite geometries can be seen in the Ladinian (lower to mid Triassic) carbonate 
exposures of the northern Italian Dolomites (e.g. Gaetani et al. 1981 ). Platform margins 
can prograde basinward for many kilometres, whilst aggradation may occur over 
hundreds of metres in total. 
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Prograding clinoforms may exhibit a range of geometries relative to one another 
including planar, sigmoidal or tangential (Mitchum 1977) (Fig. 8.3). Platform margin 
progradation, in preference to platform-top aggradation, has classically been interpreted 
as resulting from switches in the site of sediment accumulation related to relative sea-
level changes in line with sequence stratigraphic theory (Fig. 8.4) (Bosellini 1984). Other 
contributory factors include: the rate of basinward sedimentation, platform width, and 
basin depth (Bosellini 1984 ). This explanation assumes that when the platform-top 
reaches the sea-surface, and accommodation space above the platform-top becomes very 
limited, sediment accumulation shifts to the foreslope causing progradation. However, 
relatively little work has been undertaken on the transport mechanism by which sediment 
is transfered from the platform-top to the margin foreslope. Gravitational instability of 
the platform margin foreslope is often invoked as the mechanism by which this sediment 
transfer is brought about (e.g. Bosellini 1984, Hunt and Tucker 1993). However, the 
resedimentation mechanisms discussed in Chapter 7 make this unlikely. 
Attempts have recently been made to model carbonate sedimentation dynamics 
quantitatively using experimentally-determined empirical equations to assist in the 
interpretation of platform-margin stratal geometries (e.g. Bosence and Waltham 1990, 
Bosscher and Schlager 1992, Kenyon and Turcotte 1985, Waltham 1992). However, 
such models remain in the early stages of development and are limited by the starting 
assumptions which they incorporate. There is also a precedent for theoretical 
mechanisms being inferred from carbonate stratal geometries observed in outcrop and 
seismic sections (e.g. Kendal and Schlager 1981, Bosellini 1984). This chapter follows in 
this latter tradition by using stratal geometries documented from outcrops and seismic 
sections to infer the driving mechanisms that cause periods of preferential platform-top 
resedimentation to the foreslope fueling progradation as recorded by clinoformal 
geometries, in preferance to aggradation, and looks at how such mechanisms may relate 
to relative sea-level changes, and the consequences for sequence stratigraphic models. 
In order to assess the role changes in "sedimentation rates" exert on stratal geometries 
and the development of key stratal surfaces used by sequence stratigraphy, in this 
chapter, "relative sea-level changes" reverts back to the definition proposed by 
Posamentier et al. ( 1988) that specifically excludes marine-shallowing caused by 
sedimentary infilling accommodation space, whilst "apparent sea-level changes" are used 
to describe marine-shallowing by whatever mechanism including marine-shallowing 
caused by sedimentary infilling of accommodation space. In this way "apparent sea-
level" is synonymous with water-depth, whereas "relative sea-level" is measured relative 
to an absolute fixed datum, namely the centre of the earth. 
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Fig. 8.1 An example of ancient prograding clinoform geometries observed by eismic reflecti on 
profiling (Miocene carbonate shelf margin , Bali-Flores Sea, Indonesia) (Tyrell and Davies 1989). 
Fig. 8.2 A spectacul ar exposure of cl inoforms at an ancient prograding platform margin (Montagnette, 
Urgonian platform, mid-Cretaceous , French Alps). 
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Fig. 8.3 Summary of basic types of clinoform geometries. Composites of these geometries may also 
occur, but clinoform surfaces remain concordant to one another. (after Mitchum et al. 1977). 
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Fig. 8.4 Progradation models based on the Triassic carbonate outcrops in the Dolomites of northern 
Italy. Stratal geometries have been interpreted primarily as responses to basin subsidence and relative 
sea-level changes. (Bosellini 1984). (a) Simultaneous progradation and aggradation (Landinian). (b) 
Toplap and climbing progradation (Carnian). (c) Toplap and descending progradation (Carnian). 
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8.2 Sediment Accumulation, Progradation and Aggradation 
Carbonate depositional systems differ fundamentally from siliciclastic systems in a 
number of important ways, notably in the increased sensitivity of sediment production to 
environmental factors. Environmental changes may also heavily influence sediment 
dispersal and redistribution causing changes in sedimentation rates. For carbonates the 
dominantly biogenic source of sediment production allows for preservation of the 
sediment source area or 'factory' as well as the site of deposition which at various times, 
but especially during aggradation, may have been coincident with each other (section 
8.5). For siliciclastic systems because of the erosive nature of sediment production by 
denudation of a distal terrigenous source only the site of deposition is preserved in the 
basin. 
Maximum carbonate production occurs on the platform-top typically at depths of less 
than 10 metres beneath sea-level (e.g. Bosscher and Schlager 1992, James and Ginsburg 
1979) and then rapidly decreases with increasing water depth. Thus there is very little 
indigenous sediment production on platform-margin foreslopes themselves (Fig. 8.5.a). 
The interactive balance between sediment production on the platform and sediment 
dispersal to the foreslope or basin will therefore determine whether the platform 
progrades, aggrades or undergoes a combination of both. For progradation to produce 
clinoforms necessitates the transfer of platform-derived sediment to the foreslope. How 
this sediment transfer is brought about is poorly understood but it does raise fundamental 
questions about the controls on platform development and responses to environmental 
change. 
Reference to 'sedimentation rates' in carbonate systems may be misleading as it is not 
only the rate of carbonate production but also the amount of sediment redistribution and 
dispersal within the system that is important. 'Sediment accumulation', here defined as 
stratal thickness perpendicular to bedding at any site within the carbonate system, is the 
outcome of the interaction of sediment production and dispersal in addition to available 
accommodation space. 
Two end-members of platform margin sediment accumulation can be distinguished (a) 
total in situ accumulation of sediment and (b) wholesale removal of sediment to the 
foreslope or basin. When all sediment production is retained at its site of origination the 
platform aggrades (Fig. 8.5.b). With intense off-platform transport, preferential sediment 
accumulation on the foreslope takes place (Fig. 8.5.c) but production may remain 
unaffected. During such periods, stratal thickness on the platform-top may become 
condensed. Switch-overs between these two end-member regimes may occur, generating 
a complex record of apparently changing sedimentation rate preserved in the platform 
stratal stacking patterns. This strongly suggests that the controls on the redistribution of 
platform-top sediment between platform-top and foreslopelbasin are capable of operating 
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Fig. 8.5 (a) The platform-top is both the site of maximum carbonate production and potential 
deposition. With increasing water-depth sediment production rapidly decreases making the foreslope a 
site of potential deposition only. (b) When sediment production and accumulation are coincident the . 
platform aggrades b(i) and the foreslope is starved of sediment b(ii). (c) In order to generate platform 
margin progradation sediment accumulation must switch to the foreslope c(ii). However, the site of 
sediment production remains on the platform top c(ii). An active lateral sediment transport mechanism 
is therefore required to transfer sediment from the platform top to the foreslope to facilitate this switch 
in sediment regime. Although the site of accumulation has transferred to the foreslope, sediment 
production rate on the platform top may remain unaltered. See text for discussion. 
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Fig 8.6 Summary of the controls on carbonate sediment accumulation and stratal geometries. Sediment 
accumulation is the result of accommodation space and sediment supply. However, for carbonate 
systems sediment supply is not only the result of sediment production rate but also the prevailing 
sediment dispersal regime (i.e. in situ sedimentation or active lateral resedimentation). Sediment 
production and dispersal may therefore compete with one another as independent variables, as well a 
relative sea-level change (accommodation space) as the dominant influence on sediment accumulation. 
Unlike si liciclastic systems, where environmental controls are subordinate to the primary control of 
relative sea-level change, in carbonate systems they may be of equal significance. Both sediment 
production and dispersal are very sensiti ve to environmental changes in addi tion to relative sea- level 
change, and the most important environmenta l factors are shown. 
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independently of production. In carbonate systems there is therefore a more clear 
division between sediment production and dispersal than exists in siliciclastic systems. In 
siliciclastic systems sediment production and dispersal mechanisms are usually indivisible 
as erosive agents creating loose sediment, such as river bed currents or wind abrasion, 
are simultaneously responsible for transporting sediment basin ward. 
Relative sea-level is one of the main controls on accommodation space on the 
platform-top. However, for carbonate systems environmentally-driven changes in the 
sediment dispersal regime may also produce differing stratal geometries at the margin 
and platform-top. If such changes occur out of step with relative sea-level change they 
may compete with relative sea-level as the dominant control on deposition, masking the 
signature of relative sea-level change in the succession. The interaction of these controls 
is summarised in Fig. 8.6. It is therefore critical to appreciate the mechanisms which 
favour progradation over aggradation, and vice-versa, if stratal geometries are to be 
interpreted correctly. 
8.3 Mechanisms for Platform Margin Progradation 
In siliciclastic systems aggradation (near shore) and progradation (basinward) usually 
occur simultaneously as rivers shed their sediment on the flooded continental shelf. As 
vertical accommodation space becomes ftlled to relative sea-level sediment progrades 
further outwards onto the continental shelf (Posamentier et al. 1988) (Fig. 2.3). Sediment 
supply and basin geometry in siliciclastic systems are interpreted as only being able to 
influence the extent of sediment basinward advance by classic sequence stratigraphic 
models, with relative sea-level being the controlling factor on stratal packaging. 
However, in carbonate systems in situ sediment filling of accommodation space above 
the platform-top alone need not directly be a cause of generating progradation. In such 
r 
instances the platform may merely ag~de to the sea surface resulting in a major 
reduction or terrninatation of carbonate production. Accommodation space and a healthy 
platform-top carbonate factory alone are insufficient to cause progradation to occur at 
carbonate platform margins. 
In carbonate systems clinoforms that lapout as traced back to the platform-top (e.g. 
Fig 8.7 .b) might classically be interpreted as resulting from a major relative sea-level fall 
reducing accommodation space above the platform-top by applying standard sequence 
stratigraphic doctrine. However, this cannot be the case as carbonate production on the 
platform-top would have become greatly reduced or terminated and there would be no or 
very little fresh sediment available for progradation. In order to remain a creative source 
of sediment production the platform-top must remain submerged at an optimum depth 
beneath the sea surface. 
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Progradational clinoform platform-margin geometries require the transfer of platform-
top derived sediment to the foreslope to fuel progradation, but the mechanisms by which 
this occurs are poorly understood. Gravitational instability of the foreslope is often cited 
as the driving mechanism for platform-margin progradation (e.g. Bosellini 1984, Hunt 
and Tucker 1993). However, a comparison of the predicted stratal geometries produced 
in this way (Fig. 8. 7 .a) are at variance with those observed from seismic reflection 
profiles (Fig. 8.1) and in outcrop (Fig. 8.2, 8.7.b). This suggests a re-evaluation is 
required. 
Gravitational instability is induced by an increase in the angle of the upper foreslope 
to a critical condition. Following from the discussion of Chapter 7 (section 7.7.1.1) as 
carbonate slopes approach the critical angle of repose, the upper foreslope develops into 
a bypass-type margin with calciturbidites being shed to the toe-of-slope or basin. Such 
lower slope/basin calciturbidite deposits may appear discordant to the original slope 
profile and onlap it. This will mimick the stratal geometries of lowstand wedges 
(Fig.8.7.a). However, these geometries differ from the concordant high angle basinward 
dipping clinoforms described at prograding platform margins (Fig.8.7.b) (e.g. Bosellini 
1984, Bosellini 1991, Italian Triassic Dolomites, Tyrell and Davis 1989, Miocene Bali-
Flores Sea, Indonesia, Jacquin et al. 1991. mid-Cretaceous Urgonian of the French 
Subalpine Chains, Montagnette ). Catastophic platform-margin collapse producing mega-
breccias also appears unable to produce prograding platform-margin geometries, 
resulting instead in the retrogradation of the margin slope. Gravitational instability 
cannibalising sediment from the margin foreslope therefore appears incapable of 
generating platform-to-basin progradational platform-margin geometries as documented 
at accreting platform-margins. 
In order to create prograding clinoform geometries an active lateral sediment 
transport mechanism is required to move platform-top derived loose skeletal biogenic 
and abiogenic sediment basinward to where it can be deposited on the slope (Fig. 8.7.b). 
Meteorological and thermal marine currents, tides or storms seem the most likely 
candidates as active mechanisms for instigating sediment transport. The relative shallow-
water site of sediment production in carbonates may make them susceptible to such 
environmental influences. Models for carbonate sedimentary dynamics, traction flows 
and turbidite currents still remain in their infancy (Eberli 1991, per comm. Schlager) and 
their exact mode of action during progradation remains conjectural. However, based on 
stratal observations, it appears likely that once sediment is transported to the lee of the 
foreslope and becomes sheltered from the active lateral "pushing" force that sediment 
may accumulate on the slope surface provided slope inclination is beneath the critical 
angle of repose. The apparent absence of scours described at prograding clinoform 
surfaces suggests that such mechanisms may involve a gradual continuous "trickle" of 
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Fig. 8.7 Illustration of stratal geometries predicted for passive gravitational instability with those · 
observed from outcrop and seismic lines. (a) the onset of gravitational resedimentation commences at 
the angle of repose resulting in sediment being episodically shed off slope as sediment gravity flows 
which may be redeposited in the basin or may appear to onlap the toe-of-slope. (b) Prograding 
clinoforms are steeply basinward dipping parallel or tangential surfaces concordant to one another. In · 
order to generate such geometries there must be an active lateral sediment dispersive agent, such as 
marie ·currents, tides or storms. This allows the onset of resedimentation when the slope is at an 
ordinarily sub-critical angle of repose allowing sedimentary accumulation on the slope surface. (See 
text for discussion). 
Fig. 8.8 Potential interpretations of carbonate platform margin geometries in terms of relative sea-level 
change vs. the influence of changes in current strength on sediment dispersal..By varying the amount of 
sediment production transfered to the slope by current action, offlaping and toplaping geometries can be 
produced. Interpretation of stratal geometries without the benefit of facies control, as often undertaken 
from seismic reflection profiles, make it impossible to determine which interpretation is correct. 
Fig. 8.9 (a) 'Lowstand wedge' produced by downslope migration of sediment production and in situ 
accumulation with falling relative sea-level or lowstands of sea-level. (b) Gravity flow deposit apron: 
Sediment gravity flow deposits, formed by passive gravitationally-driven resedimentation, may onlap 
the toe-of-slope creating similar geometries to (a) but are infact most likely to form coincident with 
relative sea-level rise or highstands of sea-level. 
454 
Mechanisms of platform progradation 
(a} Critical Slope Angle (b) Sub-critical Slope Angle 
Sea level 
Sea level Current direction 
Fig. 8.7 
Platform Margin Stratal Geometries Classic sequence stratigraphic Potential Environmental Interpretation. Interpretation 
-
(a) Period of relative sea-level rise and (a) Progradation and aggradation: 
·~ increasing accommodation space. current at or near sediment threshold velocity with some ol sediment production remaining on top ol the 
platlorm. 
I ~ (b) Stillstand of sea-level and constant (b) Progradation: high current strength accommodation space causing all platform top sediment production to be redeposited basinward. 
Fig.8.8 
(a) 'LOWSTAND WEDGE' (b) GRAVITY FLOW DEPOSIT APRON 
SEA-LEVEL 
SEA-LEVEL 
~ENT GRAVITY FLOWS 
' 
Fig. 8.9 
455 
Mechanisms of platform progradation 
sediment from the platform-top onto the foreslope rather the intermittent rapid 
instantaneous mass flows associated with turbidites. Prograding clinoforms at 
accretionary platform margins would therefore be analogous to giant planar cross-
bedding surfaces reflecting the line source of sediment from the margin to the slope. 
Progradation generated in this way would preferentially occur on the leeward side of the 
platform thereby also recording palaeocurrent directions. 
There are therefore two end-member mechanisms of resedimentation (in addition to 
exogenically-triggered instability initiated by seismicity, seiches and tsunamis etc.): (a) 
Passive in situ accumulation possibly leading to later gravity-driven resedimentation, or, 
(b) active current/tide/storm-driven resedimentation. Aggradational and bypass-type 
margins are characterised by periods of in situ, passively-driven sedimentation when 
active mechanisms were insignificant. Platform progradation characterises periods when 
active resedimentation mechanisms were important. Active and passive sedimentation 
regimes appear to have intermittently alternated with one another through geological 
time and spatially within basins as a control on stratal development. 
In interpreting the mechanism of resedimentation which operated at a platform margin 
the nature of the termination of the dipping clinoform surfaces as traced back onto the 
platform is critical. If they are onlapping, this suggests passive gravitational slope 
oversteepening (Fig. 8.7.a): if they toplaps or offlaps this suggests an active lateral 
transport mechanism (Fig. 8.7.b). Clearly, scale of observation is important. 
Furthermore, and more fundamentally problematic, is that similar stratal geometries 
could be confused with those produced by relative sea-level changes e.g. lowstand 
wedge (Sarg1988) vs. calciturbidite apron related to slope angle. This causes another 
major problem in the authoritative interpretation of stratal geometries. 
8.4 Active Sediment Dispersal by Tides, Currents or Storms as 
Influences on the Development of Carbonate Systems 
8.4.1 Introduction 
The implications of currents/tides/storms acting as intermittent lateral sediment 
transport mechanisms for carbonates have fundamental ramifications for the way that 
carbonate systems develop and for the interpretation of stratal architecture's in ancient 
systems as responses to environmental change. As the platform shifts between a net 
exporter of sediment during current-dominated periods and static in situ platform-top 
accumulation during quiescent periods, differing stratal geometries will be produced. 
Changes in the rate at which sediment is moved off-platform may result in a range of 
stratal patterns between the end-members of aggradation and progradation (Fig. 8.8a and 
b). These may mimic those attributed to relative sea-level changes from the application of 
sequence stratigraphic concepts (compare Figs. 8.8 with Figs 2.3). In extreme cases such 
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mechanisms may even cause depositional hiatuses which may be mistakenly interpreted 
as maximum flooding surface or subaerial exposure unconformities (see below). During 
passive gravitational resedimentation, geometries produced by gravity flow deposits at 
the toe-of-slope of bypass-type margins may be misinterpreted as lowstand wedges 
indicative of lowstands of relative sea-level, formed as sediment production migrated 
down slope with relative sea-level fall, although they are most likely to be generated 
during periods of transgression or high sea-level (Fig. 8.9). Periods dominated by the 
influence of active dispersal mechanisms, potentially operating out of step with relative 
sea-level changes, may influence the occurrence of subaerial unconformities and 
maximum flooding surfaces on the platform-top, stratal packing, stratal thicknesss, 
margin-type, slope angle/clinoform dip, facies assemblage composition, and platform 
morphology. 
8.4.2 Stratal packing, subaerial unconformities and maximum flooding surfaces 
Sediment accumulation at any site within a carbonate depositional system is the 
product of the interaction of three potentially independantly variables: ( 1) sediment 
production, (2) sediment dispersal, and (3) accommodation space (Fig. 8.6). Shifts in the 
site, or ratio, of sediment accumulation by active dispersal mechanisms away from the 
platform-top sediment factory to the foreslope or basin causes sedimentation rates on the 
platform-top to change. Modifications in sedimentation rate results from changes in 
effective available accommodation space (Fig. 8.1 0), and the volume of sediment. 
available to fill that space (Figs. 8.11, 8.12, 8.13, 8.14). Changes in accommodation 
space and sedimentation rate caused by the vagile nature of carbonate accumulation are a 
unique feature of carbonate depositional systems. Changes in the rate of platform-top 
sediment accumulation versus basinward sediment export superimposed upon a 
background of relative sea-level change may exert significant influence on apparent 
sea-level changes (Figs. 8.11, 8.12, 8.13, 8.14). Changing sedimentation rates may 
strongly influence the potential for the sedimentary succession to record evidence of the 
signatures of relative sea-level change preserved as maximum flooding surfaces or 
subaerial unconformities on the platform-top (Figs. 8.13, 8.14). In doing so effective 
changes in sedimentation rate on the platform-top are able to exert a direct influence on 
stratal architecture and stacking patterns contary to classic sequence stratigraphic 
principles. 
Siliciclastic sequence stratigraphic models assume that the lateral basinward extent of 
sediment accommodation space is infinite. However, for carbonates this assumption does 
not always apply. In carbonate systems during periods when sediment production 
accumulates in situ on the platform-top, causing aggradation, utilisable accommodation 
space is effectively laterally restricted to the perimeter of the platform margin (Fig. 
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8.11.a) At such times accommodation space defines a relatively small and finite volume 
with maximum sediment production available to fill it. Sedimentation rates would appear 
correspondingly very high. Only comparatively small-scale falls of relative sea-level 
would therefore be required to cause apparent sea-level changes capable of producing 
platform-top exposure forming subaerial unconformities used to defme sequence or 
parasequence boundaries (Figs. 8.11.a, 8.13.b). During relative sea-level rises high 
sedimentation rates allow aggrading platforms to keep pace with relative sea-level rises 
(Schlager 1981, Kendal and Schlager 1981, Sarg 1988) retarding apparent sea-level rise 
(Figs. 8,12.a, 8.13.a, 8.14.1) and preventing platform "drowning". Maximum flooding 
surfaces might therefore be prevented from forming during the transgressive phase of 
relative sea-level change for end-member aggrading platforms. 
During periods when partial off-platform export of sediment production is caused by 
active dispersal agents platform-top aggradation and platform margin progradation occur 
simultaneously. In this scenario accommodation space may be considered laterally 
unlimited in a similar way to siliciclastic systems (Fig. 8.10.b). This causes an effective 
decrease in sedimentation rate on the platform-top. A higher magnitude relative sea-level 
fall is therefore required to produce platform-top exposure terminating carbonate 
production and causing subaerial unconformity formation compared to a platform that is 
only aggrading (Figs. 8.11.b, 8.13.d, 8.14.2). The greater the vigour of off-platform 
resedimentation to the foreslope, the larger the relative sea-level fall required for 
platform-top exposure to occur. On occasion therefore relative sea-level may not result 
in platform-top exposure before the onset of the following relative sea-level rise (Fig. 
8.14.4). In this way small-scale relative sea-level falls ordinarilly marked by subaerial 
unconformities may be "missed" in the stratigraphic record (Fig. 8.14.4). During relative 
sea-level rises prograding-aggrading platforms may be able to keep pace with relative 
sea-level rise (Fig. 8.14.2). However, as the intensity of off-platform resedimentation 
increases, possibly in response to increased tidal or themal current strengths, a critical 
point will occur were the balance of sediment accumulation between the platform-top 
and foreslope causes the platform-top to begin to lag behind relative sea-level rise, so 
that there is a decrease in carbonate production rate. Progressive decreases in sediment 
production rate as relative sea-level continues to rise initiated in this way potentially 
cause platform drowning as the carbonate factory shuts down, even if initial carbonate 
production rate was high (e.g. mid-Miocene unconformity, eastern Gulf of Mexico, 
Mullins et al. 1987) (8.12.b, 8.13.c, 8.14.3 and 8.14.4). This could be one of the 
mechanisms for explaining the paradox of drowned platforms (Schlager 1981) during 
periods when carbonate production should have been able to keep pace with relative sea-
level rise. Platform-top drowning would be marked by a maximum flooding surface 
characterised by a thin micritic horizon or hardground (Figs. 8.14.3, 8.14.4)). 
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During periods of very vigorous resedimentation transfering all the carbonate factory 
products to feed progradation, the platform-top will become condensed or attenuated 
forming potentially a polygenetic unconformity. Small-scale relative sea-level rises will 
cause the drowning of the carbonate factory, simultaneously terminating progradation 
(Figs. 8.12.c, 8.13.e, 8.14.5). Small-scale relative sea-level falls however, may not 
always allow apparent sea-level change to cause exposure of the platform-top (Fig. 
8.13.f). However, in seismic section the platform-top-clinoform lapout surface (Fig. 
8.7.b) during the end-member of platform progradation only (although platform-top 
carbonate production was still healthy) may be indistinguishable from a depositional 
hiatal surface formed during platform exposure or drowning. This possible 
misinterpretation may appear to be confirmed in outcrop if only drowning features 
developed during relative sea-level rises are preserved on the platform-top and relative 
sea-level falls failed to expose the platform-top (Fig. 8.14.5). Alternatively the platform-
top hiatal surface may show sedimentological evidence of both drowning and exposure if 
it became emergent during relative sea-level falls. 
Changes in sediment distribution by active dispersal mechanisms may therefore 
directly influence the occuiWnce of maximum flooding su·rfaces and subaerial 
unconformities (Fig. 8.14). Choosing either subaerial exposure unconformities (as done 
by classic sequence stratigraphy) or maximum flooding surfaces (as proposed by genetic 
sequence stratigraphy of Galloway 1989a and b) as the key stratal surfaces for dividing 
up the sedimentary succession into stratigraphic units appears capable of leading to. 
apparently different interpretations of apparent sea-level change from stratigraphic 
successions which have experienced the same history of relative sea-level changes (Fig. 
8.14). Using sedimentological criteria it may be very difficult to differentiate between 
apparent and relative sea-level changes. Furthermore, attempting to correlate subaerial 
exposure unconformities (or maximum flooding surfaces) with one another between 
different platforms that experienced the same relative sea-level changes may be 
complicated by diachroneity in the ages of such surfaces caused by the effects of local 
platform-top to foreslope sedimentary dispersal regime on apparent sea-level changes 
(Fig. 8.14). 
Changes in the rate of platform-top stratal accumulation caused in this way may retard 
or accelerate the rate and magnitude of apparent sea-level changes against a background 
of relative sea-level fluctuations and decrease or increase the likeJ yhood of platform 
drowning or exposure. Increased off platform-top sediment export retards the rate of 
apparent sea-level falls whilst accelerating the rate of relative sea-level rises. Increased 
in situ platform-top accumulation accelerates relative sea-level falls whilst decelerating 
apparent sea-level rises. This means that during times of active relatively high sediment 
export platform-top bedding may be relatively thin in comparison to periods of passive in 
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situ platform-top accumulation, but may represent a greater period of unbroken 
sedimentation on the platform-top (Fig. 8.14). This is counter to the usual sedimentary 
interpretation where increased stratal thickness is often taken as representing a longer 
period of elapsed time. Stratal thinning caused in this way might be described as 
"condensed" using existing nomenclature, but this may be misleading as it implies a 
decrease in sedimentary production which may not be the case in the mechanism 
proposed here. A more apt description in these cases might be "attenuated" stratal 
thickness. One consequence of attenuated stratigraphic successions on the platform-top 
is the possibility that larger parts of the geological succession (in terms of time) may be 
partially or completely removed by relatively minor amounts or erosion. In this model 
different stratigraphic signatures may be generated from similar relative sea-level changes 
as recorded by drowning and exposure surfaces, stratal thickness, and facies (see below) 
(Fig. 8.14). This has far reaching implications. During the same period of a cycle of 
relative sea-level change platforms experiencing different environmentally-driven 
dispersal regimes may be characterised by different sediment depositional and non-
depositional episodes. This calls into question the approach of dividing the succession 
into packages of sediment deposition bounded by non-depositional unconformities for 
the purposes of regional stratigraphic correlation. Figure 8.14 illustrates how different 
sediment dispersal regimes may effect the stratigraphic record preserved in outcrop or 
core during a cycle of relative sea-level change, assuming that carbonate production 
recommences at a similar water depth following drowning or subaerial hiatuses, and that 
a similar dispersal regime is then re-established as existed during the previous 
depositional episode. However, the above depositional scenarios are further complicated 
by possible variations in the degree of resedimentation to the foreslope during a cycle of 
relative sea-level change effecting apparent sea-level changes, for example decreasing 
thermal current strengths, changes in circulation patterns, or a meteorological quiescent 
period decreasing the frequency/magnitude of storms, causing a switch from 
progradational to aggradational platform growth. Such alternations between periods of 
passive and active dispersal regimes through geological time may produce complex 
stratal geometries. 
Although the discussion in this section has essentially concentrated on the stratigraphic 
record preserved on the platform-top, where sediments are typically assumed to have 
been deposited 10 metres or less beneath the sea-surface (Schlager 1981 ), and hence 
deposited stratal thicknesses may be thought to be beneath the resolution of seismic 
sections, such stratigraphic features will be. important in high resolution outcrop studies. 
Furthermore, some of the latest research suggests that carbonate platform-tops may 
remain major sediment producers and sediment exporters at water depth of up to 30 
metres beneath the sea surface (e.g. Glasser and Droxler 1991) (Possibly reflecting 
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(b) 
SEA-LEVEL 
(c) 
Accommodation space I / I Platform growth direction 
Fig. 8.10 Environmentally-driven shifts in the site of sediment accumulation in carbonate systems may : 
alter the degree to which unfilled accommodation space can be utilised without necessitating relative 
sea-level changes. This in tum effects sedimentation rates and apparent sea-level changes. (a) During 
the end-member of aggradational platform growth, caused by in situ sediment accumulation, 
accommodation space is effectively laterally restricted to the perimeter of of the platform margin 
thereby defining a relatively small finite volume. Sedimentation rate may therefore increase. (b) During 
composite aggradational-progradational platform growth and (c) progradational end-member growth, 
unfilled accommodation space conforms more closely to that described for siliciclastic systems 
effectively being laterally infinite. Changes in sedimentation rates between the platform-top and 
foreslope during such times are controlled by the the variable vigour of off-platform sediment export 
(See text for discussion). 
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Fig. 8.11 Interaction of platform-top sediment accumulation and sea-level fall during different styles of 
platform growth and their effect on the occurrence of platform mortality through subaerial exposure 
(i.e. sequence boundaries). Continuous line represents relative sea-level fall, dashed line platform-top 
. str~tal accumulation, and open circle marks time to subaerial exposure. As platform-top and sea-level 
converge accommodation space is eliminated causing subaerial exposure. Increased in situ platform-top 
sediment accumulation accelerates the rate of apparent sea-level falls and increases the likelhood of 
platform-top exposure during marine regresion. (See text for discussion). 
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Fig. 8.12 Interaction of platform-top sediment accumulation and sea-level rise during different styles of 
platform growth and their effect on the occurrence of platform mortality through drowning (i.e. 
developmemt of maximum flooding surfaces). Continuous line represent relative sea-level rise, dashed 
line platform-top stratal accumulation, and open circle marks time to platform drowning. Drowning 
occurs when platform-top sediment accumulation fails to keep pace with relative sea-level rise and falls 
beneath a depth (d) at which carbonate sediment production ceases. Increased in situ platform-top 
sediment accumulation retards apparent sea-level rises and may decrease the likelihood of drowning 
during periods of marine transgressions. (See text for discussion). 
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Fig. 8.13 (Facing page) Cartoon illustration of how the degree of platform-top accumulation, between the 
end-members of aggradation and progradation, may retard or accelerate apparent sea-level changes 
against a background of changing relative sea-level to influence the occurrence (or absence) of subaerial 
exposure and drowning unconformities which are used to define parasequence and sequence boundaries. 
(A) During aggradation sediment accumulation may keep pace with relative sea-level rise retarding 
apparent sea-level rise and preventing platform drowning. (B) However, correspondingly lower relative 
sea-level falls are required to cause platform-top exposure. (C) During periods of coeval aggradation-
progradation apparent sea-level fluctuations are effected by variations in the vigour with which sediment 
is transported off the platform-top (possibly related to marine current or tidal strengths). A critical point in 
the balance between platform-top and foreslope accumulation occurs when in situ platform-top 
accumulation begins to lag behind relative sea-level rise and the platform may drown. (D) However, a 
larger relative magnitude sea-level fall may be required to produce platform-top exposure than for an 
aggrading only platform. (E) During the end member of progradation, when total sediment production is 
exported to fuel basinward advance, even relatively minor relative sea-level rises may cause platform 
drowning. (F) However, quite large relative sea-level falls may fail to expose the platform top, 
suppressing the formation of subaerial exposure unconformities during lowstands of sea-level. 
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Fig. 8.14 (Facing page) Cartoon illustrating how different platform-top to foreslope sediment dispersal 
regimes between the end-members of aggradation and progradation may interact with the same cycle of 
relative sea-level change to preserve different stratigraphic signatures in the platform-top succession. 
Increased off platform-top resedimentation accelerates the rate of apparent sea-level rise, whilst retarding 
the rate of apparent sea-level falls. This effects the ability of the platform-top to record relative sea-level 
changes. (1) During aggradation only (passive in situ sedimentary regime) carbonate accumulation may 
keep pace with relative sea-level rise preventing drowning unconformities developing during marine 
transgression, whilst comparatively small reductions in water depth may cause subaerial exposure of the 
platform-top during marine regressions. (2) During periods of coeval aggradation-progradation (when 
active sediment dispersal regimes operated), but comparatively low off-platform resedimentation to the 
foreslope, sedimentation rates on the platform-top will decrease but may still be able to keep pace with 
relative sea-level rise preventing platform drowning. However, a larger apparent sea-level fall may be 
required to cause platform-top subaerial exposure. Platform-top stratal thickness therefore decreases but 
records a greater period of unbroken sedimentation. (3) As the intensity of off-platform resedimentation 
increases further, possibly reflecting increased marine current or tidal strengths, platform-top 
accumulation further decreases reaching a point when it may now no longer be able to keep pace with 
relative sea-level rise and platform production may be terminated by drowning. However, larger 
magnitude relative sea-level falls may be required to cause platform-top exposure. (4) As offplatfon:•.-top 
sediment dispersal progressively increases in vigour there is a corresponding decrease in the magnitude of 
relative sea-level rise required to cause platform drowning, but the likelihood of marine regression 
exposing the platform-top decreases. (5) During the end member of progradation when all the platform-
top sediment production is transferred to the foreslope only minimal relative sea-level rises are required to 
drown the platform, but the likelihood of relative sea-level falls exposing the platform are reduced. The 
stratigraphic signatures of changes in the degree of off-platform sediment dispersal are shown to the right 
of the diagram. The following assumptions (and simplifications) have been made in modelling these 
successions: (a) Sediment production on the platform-top resumed at the same water depths during periods 
of relative sea-level rise following exposure or relative sea-level fall after a period of non-deposition 
caused by platform drowning. (b) During subaerial exposure erosion was minimal. (c) That the ratio of 
platform-top to foreslope resedimentation remained fixed during periods of sediment production 
throughout each of the individual sediment dispersal regimes illustrated. 
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Mechanisms of platform progradation 
temporal and spatial increases in water temperature). In such instances potential 
accommodation space is considerably increased and is of a size capable of containing 
several sequence-scale cycles. For example using the lower range of sediment production 
rates estimated from the Barremian-Oxfordian succession of S.E. France of 2-4 rnlmy 
(from Chapter 3), 30 metres of accommodation space could span between 2.5 to 30 
individual third-order (0.5-3 my duration) sequences (i.e 30/4x3 and 30/2x0.5 
respectively). Using the upper values of carbonate production rate from this period (30-
50m/my), would indicate 30 metres would be less than a single sequence. Thinner 
thicknesses of strata preserving sequences might be especially important during 
greenhouse periods when the magnitude of relative sea-level changes possible during any 
third-order cyclicity would have been greatly reduced (Tucker 1993). 
8.4.3 Thinning and thickening upwards stratal packing 
The above discussion outlines the competing influences on periods of deposition and 
non-deposition as defined by the occurrence of the key stratal surfaces used by sequence 
stratigraphy to define stratal packages. Removal of platform-top sediment to the 
foreslope to fuel progradation obviously also exerts an influence on strata 1 thicknesses 
on both the platform-top and foreslope (Figs. 8.14, 8.15). Changes in strata packaging, 
defined using thickening or thinning upwards 'packages' of stratal (e.g. Goldhammer et 
al. 1987, 1990), are also used to define parasequences and sequences, especially in 
carbonates where exposure surfaces may appear poorly preserved or be absent (Tucker 
1993). Systematic changes in stratal thicknesses are classically interpreted as shallowing-
upward cycles resulting solely from small-scale changes in accommodation space. 
However, in seismic sections, or inaccessible mountain side cliff exposures in which 
stratal architectures are often best observed, it is not always possible to determine 
whether such changes in stratal spacing do infact co-incide with shallowing-upward 
facies trends or are capped by subaerial exposure surfaces. 
Thinnning-upward small-scale packages (parasequences?) on platform-tops have 
classically been interpreted as solely reflecting small-scale sea-level changes against a 
background of longer term term sea-level fluctuation. However, a possible alternative 
interpretation may be that they form in response to increased off platform transport of 
sediment to the foreslope. This may occur during any phase of relative sea-level change 
provided the platform remains submerged. The interaction of removal of platform-top 
sediment and relative sea-level change on apparent sea-level is discussed above. 
Thinning of platform-top strata may coincide with an increase in prograding clinoform 
spacing at the foreslope (Fig. 8.15.a). The rate of progradation would therefore 
accelerate at these times. 
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(a) 
Thinning upwards 
(b) Increasing clinoform spacing 
Thickening upwards 
Decreasing clinoform spacing 
Fig. 8.15 (a) Thinning upward stratal patterns on the platform-top may record decreasing platform-top 
stratal accumulation due to increased resedimentation of sediment to the foreslope, and may therefore 
coincide with increased spacing between clinoforms at the margin. (b) Thickening upwards stratal 
patterns on the platform-top may reflect increased in situ platform-top accumulation of the total 
sediment budget, and this may coincide with a decrease in clinoform spacing at the margin. 
Sea-level 
t------------------------------
Fig. 8.16 Antecedent topography and basin depth may influence clinoform spacing at prograding 
platform margins independently of changes in sediment supply. The figure illustrates platform margin 
progradation during a constant rate of sediment supply to the slope. The volume (V) of sediment 
bounded between clinoform sets is therefore constant i.e V1=V2=V3=V4. Basin floor slope causes an 
increase in clinoform slope length resulting in a corresponding decrease in clinoform spacing. 
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Likewise, thickening-upward platform-top packages are conventionally interpreted as 
solely representing small-scale relative sea-level rises against an underlying background 
of longer term sea-level change. Such stratal packaging may alternatively reflect an 
increase of in situ platform sedimentation retained on the platform-top during periods 
when the rates of active sediment transfer to the foreslope were decreasing, possibly 
reflecting waning of current strengths. Such periods may coincide with a corresponding 
decrease in clinoform spacing at the margin reflecting a decrease in the rate of 
progradation (Fig. 8.15.b). As change in sediment distribution between platform-top and 
foreslope may occur out of phase with relative sea-level changes the nature of such 
cycles, i.e shallowing or deepening-upward facies will vary depending upon the effect of 
the combined signature of the trend in relative sea-level change, i.e. transgressing or 
regressing, and rate of platform-top sediment accumulation, on apparent sea-level 
change. Shallowing-upward cycles may therefore also be generated by changes in the 
rate of platform-top sediment production to the foreslope, and are not diagnostic of 
relative sea-level changes decreasing accommodation space alone. 
The simple stratal architectures of platform-top stratal thinning coinciding with 
increased prograding clinoform spacing at the platform margin, and platform-top stratal 
thickening coinciding with closer prograding clinoform spacing, may in reality have been 
complicated by the vagaries of underlying basin antecedant topography. For example 
progradation onto a sloping basin floor may require an increase in clinoform length as 
measured from platform-top to basin floor resulting in a comparative decrease in 
clinoform spacing even assuming a constant rate of sediment supply (after Bosellini 
1984). This effect will be dependent upon the dip of the antecedant slope and basin depth 
(Fig. 8.16). During periods of simultaneous progradation and aggradation clinoform 
slope length may again be continually modified. Progradation may also modify the area 
available for sediment production on the platform-top potentially adding further 
complexity to interpreting stratal thicknesses. 
8.4.4 Margin-type 
Changes in marine-current circulation patterns in the present day are not uncommon 
(e.g. Florida Current, Niiler 1975; El Nino and El Nina Southern Oscillation, Philander 
1990, Diaz and Markgraf 1992, Nuttal 1992) and are likely to have occurred throughout 
geological time in response to changing thermal and meterological circulation patterns. 
Periods of waning marine current or tidal strength would favour increased in situ 
accumulation of sediment on the platform-top and aggradation along with starvation of 
the margin. This could lead eventually to the establishment of a bypass-type platform 
margin. During periods of strong current action, sediment would be actively transferred 
to the slope to establish an accretionary-type margin. Oversteepening and bypass would 
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0. 
(i) Passive gravitational sediment dispersal regime (ii) Active lateral sediment dispersal regime 
Forces vector diagram Forces vector diagram 
Fig. 8.17. (i) Passive gravitational dispersal regime. Schematic representation of the limit of slope 
development for a granular carbonate slope on the verge of gravitational resedimentation. 
Resedimentation commences when the resolved downslope co.mponent of sedin:tent weight P 
(illustrated for a single grain) exceeds maximum friction F which is defined by the normal reaction N, 
and Jl an experimentally determined coefficient. At the critical angle of slope, immediately prior to 
onset of resedimentation: 
F=P I.e. J!N = mgsin<X 
(ii) Active lateral sediment dispersal regime. An external force C, most likely provided by current 
action, allows maximum friction, F', to be equalled or exceeded at lower angles of repose producing 
resedimentation. 
F'=C'+P' i.e. J!N' = C' + mgsin~ 
Obviously the higher C, the lower the angle of slope required and the faster resedimentation. 
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Fig. 8.18. During a passive gravitationally driven sediment dispersal regime slope angle will increase 
through aggradation, reflecting differential sediment production rates and in situ sediment 
accumulation. As slope angle increases so does the resolved downslope component of sediment weight 
whilst limiting friction decreases. When the resolved downslope component of sediment weight exceeds 
limiting friction, at the critical angle of repose, gravitational instability commences. Slope angle then 
effectively freezes with excess sediment episodically shed off-slope and redeposited in the basin i.e. in 
effect a bypass-type margin. Current action assists in overcoming the friction resisting resedimentation, 
causing a transfer to an active lateral sedimentation dispersal regime. Sediment is transfered basinward 
and redeposited on the slope fueling progradation, i.e an accretionary margin. As current strength 
increases clinoform slope angle is reduced allowing resedimentation at ordinarily sub-critical angles of 
repose and progradation rate may increase. 
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be prevented by the continuous redistribution and export of sediment basinward. 
Alternation between these two regimes could be a factor in the apparent sporadic nature 
of progradation with platform-margin advance interspersed with long periods of 
aggradation and margin quiescence. It may also be a factor in explaining the 
transformation of one type of margin into another. For example the evolution from a 
bypass-type margin to a prograding accretionary margin as appears to have occurred at 
Montagna Della Maiella preserved in the Italian Apennines, during the Cretaceous 
(Bernoulli et al. 1992), may have been caused in this way. 
8.4.5 Slope angle/clinoform dip 
Much work has recently been undertaken on carbonate margin slope angles (e.g. 
Kenter 1990), correlating sediment texture and fabric to slope angle in order to assist 
seismic interpretation and to explain the wide range of slope angles encountered in 
carbonate systems (section 7.3.2). However, this has assumed a passively-driven 
gravitational control on the upper limit of maximum angle of repose. The application of 
an external force to the sediment, such as that provided by a current, assists in 
overcoming intergranular friction and allows the onset of resedimentation to occur at 
lower angles of slope (Fig. 8.17). Resedimentation would therefore commence at lower, 
ordinarily gravitationally sub-critical, angles of slope. As current strength increases slope 
angle might further decrease and rate of progradation may increase dependarit on 
sediment production (Fig. 8.18). Dip angles of clinoforms may therefore not merely 
reflect the geotechnincal properties of the sediment involved (intergranular friction and 
cohesion) and the rate of basinal subsidence, but also the palaeocurrent strength during 
deposition and the hydrodynamic properties of individual carbonate grain-
types/allochems. Using slope angle to determine facies-type in seismic section is only 
applicable during periods when passively driven-gravitational instability was the main 
control on slope angles. 
8.4.6 Platform asymmetry 
Thermal-marine current influence may help explain platform asymmetry of isolated 
platforms (e.g. Straits of Andros and Bimini, Bahamas, Eberli and Ginsburg 1989, 
Northern Bahamas, Hine et al. 1981) (Section 2.8.6.). Maximum progradation would 
occur on the leeward side of the platform and be sand-dominated, whereas the windward 
margin would be sediment-starved and may retrograde. The windward margin would 
tend to be dominated by in situ filter feeders and encrusting organisms, such as corals 
and coralline algae, forming reefs capable of withstanding intense current action. This 
may result in a rimmed shelf-type margin developing on the windward margin. Leeward-
margin slopes would typically have lower angle (sub-critical angles beneath the angle of 
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Windward 
reef-dominated 
retrograding margin 
Leeward 
sand-dominated 
prograding margin sea-le·:P.I 
lower (sub-critical) 
slope/clinoform angle 
Fig. 8.19. Schematic model of current influence on an isolated carbonate platfonn potentially occurring 
during any phase of relative sea-level change provided the platfonn-top remains submerged and 
'healthy'. Windward retrograding geometries may mimic those associated with marine transgressions 
using standard sequence stratigraphic models. Prograding leeward margin geometries may be 
misinterpreted as representing marine regression by standard sequence stratigraphic models or marine 
highstands following Schlager 1991. (See text for discussion). 
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repose) dips than those on the windward margin (Fig. 8.19) (section 8.4.5.). Prograding 
leewards margins may therefore produce geometries which resemble those thought to be 
diagnostic of lowstands of relative sea-level using classic siliciclastic derived sequence 
stratigraphic models, whilst contemporaneous retrogradational geometries at windward 
margins of the same isolated platforms may mimic those associated with transgressions 
of relative sea-level! 
8.4. 7 Facies assemblages 
The interpretation of ancient carbonate successions relies heavily on microfacies 
analysis of limestones identifying grain assemblages which are diagnostic of depositional 
environment (Chapter 3). These are based on analogues with the preferred habitats and 
environmental tolerances of modern carbonate-secreting organisms. An active sediment-
dispersal regime means that resedimentation of grains from their original source areas or 
habitats was probably very widespread. Furthermore, the wide range of different grain-
types will exhibit different hydrodynamic properties (related to size, shape, and density). 
Life habit, such as encrusting or 'free-living', may also effect grain susceptibility to 
resedimentation. This means that grains with lower threshold velocities may be 
preferentially resedimented in response to current action. This type of grain 'sorting' will 
produce compositional bias in both the sediment source area, with the selective modal 
depletion or removal of certain grain-types, and in the depositional setting where 
occurrence of certain grain-types will be enhanced. Varying current or tidal strengths 
could therefore exert a strong influence on carbonate assemblages which is superimposed 
upon the original local environmental controls in the sediment source area. This could 
further significantly modify existing views on using fixed facies belts, as proposed by 
Wilson (1975), to describe carbonate depositional systems. Because facies assemblages 
are traditionally defined using modal abundances of grain-types expressed as percentage 
of the total limestone composition, closed to 100%, selective removal or appearance of 
grain-types by resedimentation may significantly modify the apparent modes of in situ 
grain-types. Changes in composition between the platform-top and foreslope caused in 
this way can therefore not be traced by changes in modes. However, it may be possible 
to detect resedimentation of grains in response to increasing current/tidal strength by 
charting changes in the ratios of selected grain-type in relation to one another on the 
e 
platform-top and fo~lope (Fig. 8.20). Such changes in facies composition may also be 
able to be related to changes in slope angle (see above section 8.3), although other 
factors such as rate of basin subsidence will also be major controls on foreslope 
inclination. 
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Fig. 8.20. Cartoon illustrating the potential influence of changing marine current or tidal strength on 
facies composition using five different hypothetical grain-types with differing hydrodynamic properties· 
and threshold velocities (8.20.3). During times of passive sediment dispersal regimes, grain-types 1 to 5 
may accumulate in situ on the platform-top. During periods of active sediment dispersal grains, with 
lower threshold velocities may be preferentially resedimented to the foreslope or basin by marine 
currents, substantially modifying facies composition (8.20.2.A). If current strength continues to 
increase, grain-types with progressively higher threshold velocities may also become resedimented to 
the foreslope modifying facies assemblages further (8.20.2.B) possibly coincident with periods of 
increased rate of progradation, changes in platform top stratal thichness (Fig. 8.15) and decrease in 
slope inclination (Fig. 8.18). This type of current/tidal sorting effecting facies assemblage composition 
cannot be traced using modal abundances as preferential resedimentation of grain-types from the 
platform-top to the foreslope will changes the modes of all the allochems in the assemblages as they are 
closed to 100% relative to one another. However, it might be possible to track systematic shifts in the 
ratios of selected grains relative to one another which can be related to changes in stratal geometries. 
described above. 
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8.5 Conclusion 
A consideration of clinoform geometries necessitates the existence of an active lateral 
sediment transport mechanism during periods of progradation to transfer platform-
derived sediment basinward. Waves, tidal currents and storms appear the most likely 
methods of sediment dispersal during these periods. The existence of aggrading 
platforms and bypass-type margins, however, suggests that there were also locations and 
lengthy periods of time when these agents where relatively unimportant, possibly linked 
to changes in marine-current/tide circulation patterns and strengths. Passive in situ and 
gravitational-driven sediment dispersal was then dominant. These periods conform more 
closely to the static in situ view of carbonate deposition with fixed facies belts which has 
dominated much of past thinking. Active sediment dispersal mechanisms such as currents 
could have produced similar stratal geometries to those interpreted solely in terms of 
relative sea-change by the sequence stratigraphic approach as currently applied to 
carbonates during any phase of healthy platform marine submergence. Furthermore, 
changes in such mechanisms could have occurred out of step with relative sea-level 
change. In this way currents, an environmental control, would have competed strongly 
with relative sea-level, the control on accommodation space, as an influence on 
carbonate-margin stratal architecture and development. The shifting change in the 
outcome of this competition throughout geological time means that environmental 
controls and relative sea-level change may alternate with one another as the dominant 
control on the carbonate succession. Furthermore, changes in the rate of off-platform 
resedimentation during periods of active sediment dispersal modifying sedimentation 
rates may retard or accelerate the rate of apparent sea-level changes during a cycle of 
relative sea-level change. This may cause flooding surfaces or karstic platform subaerial 
exposure surfaces to be "missed" from the stratigraphic record during a cycle of relative 
sea-level change. In this way different stratigraphic signatures as recorded by the 
occurrence of drowning and exposure unconformities, and changes in stratal thickness 
and packaging in the stratigraphic succession can be created in response to the same 
relative sea-level changes. To differentiate between relative or apparent sea-level 
changes from stratigraphic successions in outcrop or core using sedimentological 
evidence is very difficult. This calls into question the use of the depositional hiatuses 
caused by platform drowning or exposure as a means of defining stratal packages for the 
purposes of comparative stratigraphic correlation even between platforms located in the 
same basin. The wide range of potentially competing influences on the carbonate 
succession represents a more dynamic view of the controls on carbonate sedimentation 
than has hitherto been appreciated. 
477 
Mechanisms of platform progradation 
8.6 Summary 
1. Unlike siliciclastic systems where sediment supply determines the extent of basinward 
progradation, for carbonates in situ sediment accumulation filling effective 
accommodation space is incapable of instigating progradation, but is instead 
characterised by the platform-top aggrading to the sea surface causing carbonate 
production to decrease massively or terminate. 
2. Gravitational foreslope instability of platform margins is conventionally invoked as the 
mechanism for platform progradation. However, the resulting onlaping toe-of-slope 
stratal geometries generated in this way differ from prograding platform to basin 
clinoforms observed in outcrop or seismic sections. Gravitational instability cannibalising 
the foreslope is incapable of causing platform progradation. 
3. Prograding carbonate clinoform geometries necessitate the existence of active 
sedimentary dispersal mechanisms to distribute platform-top carbonate factory 
production basinwards. 
4. Potential active mechanisms include meteorological/thermal marine currents, tides, 
and storms. 
5. Such active mechanisms may produce geometries that mimic those developed for 
classic sequence stratigraphic models, devised from the study of siliciclastic systems, 
during any phase of healthy carbonate platform marine submergence. 
6. Active sediment dispersal regimes may have operated out of phase with relative sea-
level changes and they therefore may have competed with one another as the dominate 
control on platform architecture. 
7. Aggrading platform geometries indicate that there were also lengthy periods of time, 
or locations, when/where active dispersal regimes were unimportant. During these 
periods passive in situ and gravitational foreslope instability controlled sediment 
distribution. 
8. Alternations through geological time, or at different basinal locations, between active 
and passive sediment dispersal regimes may produce a compounded complex record of 
environmental changes as represented by stratal geometries and facies that masks the 
signature of relative sea-level changes in the stratigraphic record. 
9. Different intensities of off-platform sediment dispersal during active sedimentation 
regimes may have produce different stratigraphic successions in response to the same 
relative sea-level changes. This creates potential difficulties in correlating sedimentary 
successions between platforms at different paleogeographic locations using 
sedimentological criteria alone. 
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Chapter 9 
Conclusions 
9.1 Introduction 
This section lists the principle conclusions contained in the thesis by chapter. 
9.2 Chapter 2- Sequence stratigraphic concepts and controversies: 
summary of conclusions 
9.2.1 It appears highly unlikely that sequence boundaries are formed solely in 
response to eustatic third-order relative sea-level fluctuations. Other regional and local 
control are capable of strongly influencing relative sea-level including changes in the 
geoid, intraplate stress, regional tectonics and changes in the rate of sediment supply. 
This casts considerable doubt on the use of sequence boundaries for the purposes of 
global interbasinal stratigraphic correlations. 
9.2.2 Relative sea-level changes in carbonate depositional systems may produce 
different and more varied stratal responses than those produced by siliciclastic systems. 
9.2.3 Similar magnitude relative sea-level changes may produce more than one type 
of stratal response in carbonate systems depending upon their interaction with other 
environmental and climatic factors. 
9.2.4 Where relative sea-level changes can be demonstrated to be capable of 
accounting for a particular stratal geometry in carbonate systems they do not provide a 
unique solution. Often other environmental changes (such as changes in current strength 
or direction) and slope processes (related to slope angle) are capable of mimicking 
similar stratal architectures to those produced by changes in base-level e.g. lowstand 
apron vs. toe-of slope mega-breccias; drowning unconformity vs. environmental stress 
reducing carbonate production; subaerial erosional unconformities vs. thermal current 
erosion; incised valleys vs. submarine erosional slopes; highstand/lowstand shedding 
vs. leeward slopes; . retrograding stratal geometries (sea-level transgression) vs. 
windward margins. 
9.2.5 Environmental and climatic controls may operate out of phase and independently 
of relative sea-level changes and therefore be in competition with relative sea-level 
change as the dominant controls on carbonate stratal architecture. 
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9.3 Chapter 3- Regional geology of the Urgonian Platform: summary of 
conclusions 
9.3.1 Prior to this study two conflicting models for the stratigraphic evolution of the 
Urgonian platform sensu lato, based on different palaeontological interpretations of 
biostratigraphical dates and of platform stratal geometries exposed in the Vercors, 
Barge and Chartreuse, have been proposed. These two models are referred to after the 
names of the universities in which the proponents of each model are principally based 
as the "Geneva model" and "Grenoble model". 
9.3.2 The "Geneva model" (Clave! et al. 1986, Clavel et al. 1994, Clavel et al 1994) 
maintains the tradition that existed up to the late 1980s of Urgonian deposition 
representing continuous marine sedimentation and platform progradation across the Jura 
platform into the Dauphinois basin. According to the "Geneva model" the Urgonian 
platform sensu lato is dated as ranging from lower Hauterivian to Lower Barremian as 
traced from the Jura platform into the Dauphinois basin. 
9.3.3 The "Grenoble model" (Arnaud-Vanneau and Arnaud 1989) interprets the 
Urgonian succession sensu lato within a framework of dynamic relative sea-level 
changes as proposed by the sequence stratigraphic paradigm. The "Grenoble School's 
model" interprets a major temporal "gap" in the succession at the base of the Urgonian 
platform sensu lato in the Jura, identified using palaeontological dates of benthic 
foraminifera, as reflecting a period of low relative sea-level that subaerially exposed the 
Jura-Bas platform whilst deposition continued in the still submerged Dauphinois basin. 
During a subsequent third-order relative sea-level rise the Jura-Bas platform was 
reflooded and the Urgonian platform sensu lato emplaced by aggradation. The 
"Grenoble model" dates the stratigraphic range of the Urgonian platform sensu lato as 
Barremian to early Aptian. 
9.4 Chapter 4- Microfacies analysis methodology: summary of 
conclusions 
9.4.1 Traditional, standard facies models characterised by static fixed compositional 
facies belts assigned to particular geomorphic positions within the platform do not 
adequately model potential temporal and spatial shifts in facies within the platform and 
modifications in carbonate allochem production caused by fluctuations in relative sea-
level and other environmental and climatic changes during deposition. Changes in 
facies may occur gradationally as well as in descreet steps in response to environmental 
changes. 
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9.4.2 In order to describe and interpret ancient depositional systems within a 
framework of dynamic environmental changes requires the integration of both 
continuous gradational and/or abrupt stepped changes in sedimentary character within 
the context of the overall stratal architecture of the platform. 
9.4.3 Gradational changes in facies characterised by a steady continuous systematic 
shifting in the relative importance of component allochems either spatially or through 
time are described as relays, whereas abrupt changes in facies are defined by individual 
unrelated facies belts. 
9.4.4 The assumptions inherent in the established method of identifying facies 
assemblages using three-point triangular diagrams dictates that it can only identify 
compositional changes that appear as discreet unrelated clusters interpreted as abrupt 
stepped facies changes. This is because three-point diagrams which appear to show 
random overprinting patterns of data points containing no discreet clusters are 
classically interpreted as indicating no environmental link between the three variable 
parameters being considered. However, such apparently random plots may in fact hide a 
compositional relay of progressive systematic shifts in sediment composition in 
response to geographic or stratigraphic environmental gradients. To detect and describe 
gradational as well as abrupt facies changes requires new analytical techniques. 
9.4.5 Computer optimized similarity matrices provides a way of analysing large data 
sets in a holistic way minimising the subjective choice of which elements are included 
in the analysis. Furthermore, the technique makes no presumption about the nature of 
the data set. If the data set is characterised by well defined groups, each of which is 
unrelated to any other, then these are revealed as discreet clusters of uniformly high 
values of Jaccard's coefficients representing individual populations within the optimized 
matrix, separated form one another by 'gaps' of lower values in Jaccard's similarity 
coefficients. If on the other hand the elements analysed in the data are related to one 
another by continuous gradational changes then the data is ordered into a relay, or 
relays, along the central diagonal with similarity between the parameters decreasing in a 
systematic way as the distance between them along the relay increases. The former 
situation is interpreted as reflecting sharp environmental changes characterised by 
discreet "fixed" facies assemblages, whilst the latter is interpreted as reflecting more 
gradual environmental changes characterised by continuous gradational shifts in 
sediment composition. Either of these two styles of sedimentary change, stepped or 
gradational, may occur spatially or stratigraphically in response to environmental 
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changes. Breaking down relays into more traditional microfacies assemblages is purely 
arbitrary. 
9.4.6 Computer optimized similarity matrices allow the holistic presentation and 
interpretation of continuous systematic changes in sediment composition in response to 
gradual and continuous environmental changes, rather than breaking up such 
compositional shifts into arbitrary facies assemblages representing spatial 'snap shots' or 
temporal 'pin points' that only record a static instant within a dynamic spatial and 
temporal continuum. By allowing continuous gradational changes in sediment 
composition to be presented and characterised in a relatively comprehensible way, 
perhaps for the first time, computer optimized similarity matrices might be described as 
the equivalent of "sedimentary calculus". 
9.5 Chapter 5- Microfacies of the Urgonian Platform: summary of 
conclusions 
9.5.1 Computer optimized similarity matrices between limestone compositional 
parameters from a series of logs show differences in the spatial and temporal nature of 
variations in sediment composition in the Urgonian in response to environmental 
changes across the platform. 
9.5.2 Contrasts between the configurations of optimized similarity matrices, 
representing changes in depositional gradient, are interpreted as indicating a 
palaeogeography at the beginning of the Urgonian characterised by a more strongly 
subsident basin to the southeast of the field area connected to the topographically-
higher, tectonically more stable parts of the platform by low-angle slopes; the basin was 
eliminated by the end of the Urgonian. 
9.5.3 The inherited topography above the Hauterivian basinal facies at the beginning 
of the Urgonian allowed hemipelagic sedimentation to continue in the more strongly 
subsident basin (indicated by deep-water clusters) whilst the more stable parts of the 
platform where penecontemporaneously subaerially exposed during a third-order 
lowstand of relative sea-level. 
9.5.4 During subsequent third-order relative sea-level rise(s) shallower-water 
sediments were deposited across the whole platform. In the topographically more stable 
parts of the platform shallow-water depositional gradients represented by relays and 
multiple relays are developed directly above the deep-water Hauterivian deposits and 
this basal boundary is interpreted as a major unconformity. 
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9.5.2 Clusters and relays identified using computer optimized Jaccard's similarity 
matrices between samples and parameters where used to assist in identifying eighty-
eight conventional facies assemblages. 
9.6 Chapter 6- Sequence stratigraphy of the Urgonian Platform: 
summary of conclusions 
9.6.1 Despite the predominantly planar angularly concordant and apparently 
conformable nature of the succession as observed in individual exposures changes in the 
stratigraphy of the Urgonian platform sensu lata as traced along two southwest-
northeast transects constructed through the Aravis and Bargy Chains confirms the 
existence of a low angle distally steepened ramp topography at the top of the 
Hauterivian basement that sloped into a more strongly subsident basin located to the 
present day southwest of the field area as originally interpreted in chapter 5 from 
depositional gradients identified using computer optimized Jaccard's similarity 
coefficient matrices alone. 
The succession is divided into two third-order depositional sequences, termed 
Depositional Sequence 1 (DS 1) and Depositional Sequence 2 (DS2) respectively. In 
Depositional Sequence 1 all three systems tract are developed whereas Depositional 
Sequence 2 only contains transgressive and highstand systems tracts. The lowstand 
systems tract of Depositional Sequence 1 preserved in the southwest of the Aravis and 
Bargy Subalpine Chains is volumetrically significant being dominated by hemipelagic 
deposits that progressively shallow to intertidal deposits as traced laterally to the 
northeast. The lowstand systems tract also contains spectacular megabreccias as part of 
catastrophic surficial slide collapse horizons. Thin 'Jr .. e-" -~'cr-· bearing calciturbidite 
deposits also occur in the late lowstand sediments. The comparatively large size of the 
lowstand systems tract is counter to the theoretical proposal of lowstands in carbonate 
depositional systems always being small or absent (Schlager 1991). 
The lower sequence boundary of Depositional Sequence 1 passes latera~from being 
conformable in the southwest (deep-water basin) to representing a major (subaerial) 
unconformity in the northeast ('inner' platform). However, this sequence boundary 
appears planar and concordantly bedded as traced southwest to northeast in the Aravis 
Chain and it is only in the northeastern Bargy Chain i.e. at Pointe Blanche 
(GR.0919021190) and Servagin (GR.0921921208), that its unconformable nature is 
easily observed as an erosional angular unconformity. 
The top of Depositional Sequence 1 is marked by the development of 'external' 
platform beach facies which contain a high proportion of grain dissolution, and inner 
supratidal micritic lagoons with bird's eye fenestrae infilled with vadose silt, which are 
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both overlain by Orbitolinidae foraminiferal rich horizons interpreted as correlating to 
the Lower Orbitolinidae Beds of Arnaud et al. 1987. By the top of Depositional 
Sequence 1 the low angle slope to the southwest may have been almost totally subdued 
by sediment infilling and/or a decrease in the rate of differential subsidence across the 
whole platform. This is indicated by the seemingly planar apparently aggradational 
stratal geometries developed in all part of the platform exposed in the Aravis and Bargy 
Chains. 
The base of Depositional Sequence 2 is marked by an immediate return to a shallow-
water transgressive systems tract in the southwest and northeast of the Aravis and Bargy 
Chains. This is interpreted as indicating that Depositional Sequence 1 was terminated 
by a comparatively minor relative sea-level fall followed by an immediate return to 
major third-order relative sea-level rise. 
Depositional Sequence 2 re-establishes rudist sediment lagoonal deposition on the 
platform. Towards the top of Depositional Sequence 2 repeated quartz rich interbeds 
interpreted as subaerial exposure surfaces formed by fourth-fifth order relative sea-level 
fluctuations occur in the Aravis that may correlate with thin lacustrine J'"e.v' "\';)~ 
deposits towards the top of the succession in the Bargy Chain. However, it is difficult to 
differentiate authoritatively the boundary between the transgressive and highstand 
systems tracts in Depositional Sequence 2. This boundary may well be transitionary 
rather than marked by a single stratal surface. The difficulties in differentiating 
transgressive and highstand systems tracts from one another in carbonate systems has 
been discussed in earlier studies (Tucker 1993). 
The upP.er sequence boundary of Depositional Sequence 2 is marked by a subaerial 
karstic(~rche...includes erosional breccias and iron mineralization of the pitted surface 
following which carbonate deposition was terminated and phosphatic greensands 
deposited during subsequent reflooding. This sequence boundary is interpreted as 
reflecting a major relative sea-level fall. 
9.6.2 Within the lowstand systems tract of Depositional Sequence 1 two individual 
megabreccia horizons are interpreted as thin surficial collapse horizons formed by net 
extension on a very low angle previously kinematically stable angle of slope during 
fourth-fifth order relative sea-level falls. The megabreccia horizons differ from the 
traditional model for megabreccia formation that infer the need for high angle 
metastable slopes (Mountjoy 1972). The Aravis Megabreccia Horizons therefore 
necessitate a re-evaluation of the wider environmental significance of these distinctive 
rock -types. 
The more or less common basal decollement surface for each of the megabreccia 
horizon coincides with a major lithological boundary between micritic and grain rich 
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fabrics e.g. for the Lower Megabreccia Horizon this .occurs at the micritic top of the 
Hauterivian basinal deposits, whereas for the Upper Megabreccia Horizon it occurs at 
the more micritic base of a shallowing upwards parasequence. These micritic-grainstone 
transitions would be expected to have relatively lower shear strengths compared those 
of the sedimentary succession in general. However, the lack of any evidence for 
instability in the parasequences occurring between the megabreccia horizon which 
would also be expected to have weaker sediment shear strengths at their bases suggests 
an additional trigger mechanism must also have been involved in the formation of the 
megabreccia horizons. 
One possibility is that pore water trapped in the low permeability more micritic base 
of a parasequence was unable to re-equilibrate with hydrostatic head during a relative 
sea-level fall or during seismic shaking and that the resulting 'overpressure' caused loss 
of shear strength at a discreet horizon beneath the sea-floor triggering instability in the 
previously gravitationally stable overlying more indurated/cemented strata. Other 
mechanisms for generating pore-water 'overpressure' includes storms and seismicity. 
Overpressure generated by seismic shaking related to vulcanism elsewhere might 
explain the presence of authigenic feldspar in the tops of megablocks as airborne 
volcanic ash that settled in the marine (lowstand) part of the succession. Other evidence 
for volcanism within the basin to the northeast would have been removed by subaerial 
erosion. 
9.7 Chapter 7- Genesis of carbonate megabreccias and calciturbidites 
and their significance in sequence stratigraphic models: summary of 
conclusions 
9.7.1 Mature-angle carbonate slopes at the upper limit of critical angle of repose are 
characterised by mass gravity flows which bypass and erode the mid-slope, with the 
deposition of calciturbidites at the toe-of-slope or in the basin, and enhanced slope 
cementation. 
9.7.2 Relative sea-level is subordinate to critical angle of repose of the slope in 
generating gravitational instability and basinward resedimentation of fresh loose 
granular margin-derived sediment as calciturbidites. The critical angle of repose may 
be attained during any phase of the sea-level cycle provided the platform remains 
submerged, but is most likely to be reached during relative sea-level rise when there is 
continuously expanding accommodation space for slope steepening. 
9.7.3 Increased submarine cementation of mature angle carbonate slopes alone is not 
a mechanism capable of producing oversteepened meta-stable slopes and hence 
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gravitational instability as implied in some sequence stratigraphic models, but 
conversely acts to increase shear strength and increase slope stability. 
9.7.4 Critical angle of repose is linked to sediment shear strength and slope parallel 
shear stress generated by the 'weight' of the sediment pile. Shear strength is effected by 
grain interlock, mineralogy, pore-water pressure and cementation. Shear stress is 
effected by sediment density, slope angle and short lived increases induced by exogenic 
agents. 
9.7.5 Variability in the inclination of mature angle carbonate slopes reflects their 
greater diversity in shear strength as a consequence of their more varied textures and 
grain morphologies, influencing internal friction and cohesion. Potential differences in 
carbonate sediment densities, which can induce different slope parallel shear stresses at 
similar slope angles may also be a factor. Difference in carbonate slopes angles spatially 
within basins may reflect local environmentally-governed sediment composition. Slope 
angles may also vary through geological time in a break with uniformitarian principles, 
as carbonate-secreting organisms evolved, became extinct and succeeded one another. 
9.7.6 Established models for mega-breccia formation tend to emphasise increased 
slope parallel shear stress, produced by increased slope angle overcoming a more-or-
less static shear strength. However, many exogenic triggers act primarily to increase 
pore-water pressure thereby decreasing shear strength and allowing slope instability on 
previously stable even very low angles of slope or ramps. Excess pore-water pressure 
and fluidised sediment at the slide plane plays a crucial role in propagating sediment 
transport of more lithified sediment before being dissipated. Exogenic triggers, 
especially seismicity, acting in this way are probably the most common cause of 
submarine instability. Mega-breccias may be much more common in low-angle 
depositional settings, such as carbonate ramps, than previously assumed. 
9.7.7 Carbonate platforms may exhibit a propensity to shed loose fresh granular 
sediment to the foreslope as calciturbidites during marine transgressions or highstands 
when slope angle is most likely to be at a critical angular condition and carbonate 
production is at its peak. During lowstand of relative sea-level the carbonate factory 
contracts and carbonate production is greatly reduced largely inhibiting calciturbidite 
deposition. Several authors therefore predicted that lowstand wedges in carbonate 
systems will be absent (e.g. Schlager 1992). However, relative overpressuring of 
confined aquifers during relative sea-level falls may create instability and deposit mega-
breccias. During lowstands exposure of the platform and loss of sediment buoyancy 
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may also trigger catastrophic failure forming mega-breccias. Lowstand shedding in 
carbonate systems may therefore be characterised by the deposition of lithified 
resedimented megabreccias to the foreslope and basin cannibalised from the platform 
margin. In some instances such lowstand mega-breccia wedges may be comparable in 
volumetric size to those deposited during siliciclastic lowstand, or carbonate highstands. 
However, in general they might be expected to be volumetrically less significant. 
9.7.8 Exogenic triggers show random periodicity and may occur out of step with sea-
level changes. They may also occur with higher frequency than endogenic triggers 
linked to the cycle of relative sea-level change. Instability initiated in this way is often 
indistinguishable from resedimentation triggered endogenically. In the geological 
record they may therefore mask any primary pattern of instability linked to the sea-level 
cycle. 
9.8 Chapter 8- Mechanisms of platform progradation and their 
implications for carbonate sequence stratigraphic models: summary of 
conclusions 
9.8.1 Unlike siliciclastic systems where sediment supply determines the extent of 
basinward progradation, for carbonates in situ sediment accumulation filling effective 
accommodation space is incapable of instigating progradation, but is instead 
characterised by the platform-top aggrading to the sea surface causing carbonate 
production to decrease massively or terminate. 
9.8.2 Gravitational foreslope instability of platform margins is conventionally 
invoked as the mechanism for platform progradation. However, the resulting onlaping 
toe-of-slope stratal geometries generated in this way differ from prograding platform to 
basin clinoforms observed in outcrop or seismic sections. Gravitational instability 
cannibalising the foreslope is incapable of causing platform progradation. 
9.8.3 Prograding carbonate clinoform geometries necessitate the existence of active 
sedimentary dispersal mechanisms to distribute platform-top carbonate factory 
production basinwards. 
9.8.4 Potential active mechanisms include meteorological/thermal marine currents, 
tides, and storms. 
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9.8.5 Such active mechanisms may produce geometries that mimic those developed 
for classic sequence stratigraphic models, devised from the study of siliciclastic 
systems, during any phase of healthy carbonate platform marine submergence. 
9.8.6 Active sediment dispersal regimes may have operated out of phase with relative 
sea-level changes and they therefore may have competed with one another as the 
dominate control on platform architecture. 
9.8.7 Aggrading platform geometries indicate that there were also lengthy periods of 
time, or locations, when/where active dispersal regimes were unimportant. During these 
periods passive in situ and gravitational foreslope instability controlled sediment 
distribution. 
9.8.8 Alternations through geological time, or at different basinal locations, between 
active and passive sediment dispersal regimes may produce a complex compounded 
record of environmental changes as represented by stratal geometries and facies that 
masks the signature of relative sea-level changes in the stratigraphic record. 
9.8.9 Different intensities of off-platform sediment dispersal during active 
sedimentation regimes may have produce different stratigraphic successions in response 
to the same relative sea-level changes. This creates potential difficulties in correlating 
sedimentary successions between platforms at different palaeogeographic locations 
using sedimentological criteria alone. 
10. The interpretation of the. succession exposed in the Borne, Aravis and Barge by 
integrating microfacies analysis using optimised Jaccard's similarity coefficients with 
stratal field observations identifies a major depositional hiatus at the top of the 
Hauterivian basinal strata prior to the shallow water platform limestones proper in the 
northern parts of the Aravis and Barge subalpine chains and to the west in the Borne 
penecontemporaneously with continued sedimentation to the east on the outer ramp 
· foreslope · dipping into the more strongly subsident basin. This major deposition 
unconformity on the platform-top corresponds to that described in the Jura by the. 
'Grenoble' sc;hool model based on the biostratigraphic 'gap' identified using their 
chronological scheme derived from the datation of the succession using benthic 
forminifera. Similarly the· continued basinward lowstand limestone deposits in the· 
~ 
southern Aravis and Barge subalpine chains corresponcit. to the conformable 'general' 
lowstand of the 'Grenoble' model in the Dauphinais basin. The work presented in this 
. ~ 
; thesis therefore appears to fit more easily with the interpretation of the "Grenoble' 
-·~. 
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schools model of dynamic platform evolution which takes into account sedimentary 
respones to dynamic environmental and relative sea-level changes by integrating 
biostratigraphy with the more modem understanding of the controls on carbonate . 
. sedimentation exerted by the interaction of inherited palaeogeography and dynamic 
relative sea-level fluctuations provided by sequence stratigraphy than with the 
'Geneva' Schools model that is based on a more traditionally purely biostratigraphic 
approach. 
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Appendix A 
Petrographic Sample Description 
List of Individual Log Data Sets 
La Clusaz Road Section 
Cluze Road Section 
Les Combes 
Col des Aravis 
Col de Encerenaz 
Col d'Landron 
Col du Spee 
Combe de Ia Bella Cha 
Combe de Grand Cret 
Combe de Ia Grande Forclaz 
Combe de Paccaly 
Combe north of Pointe Percee 
Combe de Tardevant 
Combe de Ia Torchere 
Le Creuse 
D' Andey 
Montagues des Auges 
Petit Bornand Road Section 
Pic de Jallouvre 
Point du Midi 
Roc de Leschaux 
Roc Charmieux 
Roc des Tours 
La Sarnia Refuge 
Thone 
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Appendix A 
Petrographic Sample Descriptions 
As used in JaccMatt for similarity coefficient matrix optimization 
Abbreviations 
Grid Ref= Grid Reference 
All log and location grid references refer to: 
Institut Geographique National map; 1:25 000 La Clusaz-Grand Bomand, 3430 ET, Top 25. 
Prep.= Type of sample preparation for microscopic examination i.e. 
TS = Thin section or, AP= Acetate peel 
Limestone description: 
dol= dolomite 
qtz=quarts 
mud= mudstone 
wack= wackestone 
pack= packstone 
grain= grainstone 
fram= framestone 
bound= boundstone 
e.g. wack-pack= composite wackestone-grainstone 
debrite= resedimented lithified clasts in a fine disaggregated matrix interpreted 
as being debris flow deposits. 
Modes: 
For added clarity absent grain-types are indicated by a dash rather than zero. 
Modal values less than one are indicated symbolically: 
<1 includes values falling in the range from 0.6 to 0.9 
whilst <<1 includes values in the range from 0.1 to 0.5 
Sample numbers: 
Samples prefixed by the letter's' were collected during a preliminary short field season in October 1990, 
and a major summer field season in June-August 1991. They are numbered in the order of collection from 
1 to 866. 
Samples prefixed by the letter 'a' were collected in the second summer field season June-August 1992 and 
where numbered in order of sampling from 1 to 1096. 
Nine additional samples AX-IX were collected in the summer of 1993. 
Alphabetic after-fixes for samples sharing the same number refer to addition sections form the same 
location/horizon, or, the division of sample descriptions from a single specimen, in order to describe 
marked small scale heterogeneity e.g. between clasts and matrix in a debrite. 
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IV 
Log: La Clusaz Road Section 
(%)Modes 
C/l C/l C/l Ql(ll Ill Ill C/l Grid Ref: 09168 21090 Q) '0 ~ Q) Ill"- .... .... C/l E C/l Q) Ill 0 Q) C/l Q) 
.0 'OQl Q) Q) .... C/l '0 
-
c Ill Ol 0. .s:: ":ij ·c :J ·-- - - -Cil Q) '0 0 2 Sheet lof3 -ro C/l C/l 0 c·- o'c '0 :s; <O- <ll '0 Q)C/l 0 0. Ol Q) 0. Ill 
-
·- c 2 ·- 0 .. ":ij :.c <I) 0 C/l :a·e :B ·e 2 .o- 0 0 Ol~ (.) e ·e ro > '0 (/) u (.) E =E oo N C/l c (/) 
-
·;::: 
-ro c c:J Ill Q) 
-ro (.) ·cs '0 ·o Ill :J .... .... ·-Ill Jd<O .2 Ill Ill ·;::: u'O Ill :.c o.S:! .... ":ij 0 '0 Q) '0 > Ill ·cs 
-ro .... Ill 
Ill 0 .o .... (.) >- 0 ":ij 0 Q) .... a: .... Qj :E :J ~ "-0 :uo ~£ 0. ~ ·- :::J cD (.) 0.0. Ill No. Sample Description Prep 0: <9 (jj Ill 0... 0 (.) a (J o- v- (/) ~E (.) w CJ)C/l 0 <9 0 
1 s138 Mud-Wack TS - - - 4 5 4 - 1 - - 1 - - 1 <1 - 73 - - - 7 - 4 - -
2 s139 Mud-Pack TS - <1 - 5 1 10 - 1 - - <<1 - - 1 5 20 30 - - - 9 5 2 - <<1 
3 s140 Pack-Grain TS - - - 4 5 20 - 3 - - - <<1 - <<1 8 7 17 - - - 29 3 <1 - 1 
4 s142 Grain-Pack TS - <1 - 6 6 13 5 - 7 - - <<1 1 - 2 14 10 - 5 - 10 -1 1 1 17 
5 s143 Grain-Pack TS - - - 8 8 10 16 - 5 - - - 1 - 1 16 3 - <1 1 12 - - - 18 
6 s144 Grain-From TS - - - 10 10 15 - - 5 - - - <1 <<1 2 7 10 - - 5 10 - 1 - 23 
7 s145 Dolomite TS - - - 1 - 4 - - - - - - - - <<1 <1 2 - - - 1 - - - 90 
8 s146 Grainstone TS - <<1 <<1 10 1 9 10 - 5 - - - 2 <<1 1 36 - 2 - 11 5 - - 5 -
9 s147 Grainstone TS - - - 25 5 21 <1 <<1 - - <<1 - - - 9 10 - - - - 20 - - - 8 
10 s148 Grain-Pack TS - - - 23 7 22 - - 4 - - - - - 7 10 4 - - - 23 - - - -
11 s149 Dol-Grain TS - - - - - - - - - - - - - - - 10 - - - - - - - - 90 
12 s150 Dol-Grain TS - - <1* 40* 10* 10* - - . - - . - . - 10 3 . 5* 5* 10* . . . 90 
13 s153 WackestonE TS - <<1 7 4 1 6 - <<1 - - - . <1 <<1 6 <1 60 4 <<1 5 2 . . <<1 1 
14 s154 Grainstone TS - <1 2 12 12 30 . . 1 . . . - 1 1 15 . . 1 23 1 - . - . 
15 s156 Framstone TS - <<1 <1 4 1 3 - - . . . . . . <<1 3 3 . 1 72 . - . . 10 
16 s158 Packstone TS - 1 1 10 10 23 - 1 1 - - - 1 - 25 10 14 . . . 2 . <1 - . 
-- - ·------· :--~· ---....-
17 s159 Mud-Wack TS 1 1 1 3 1 10 . 2 . . . - 3 <<1 5 8 62 1 . . <1 - . . 1 
Footnotes: 
s139-Heavily bioturbidated. Spar restricted to burrows. s140-Spar mainly crinoid syntaxial overgrowths. Some echinids selectively replaced by dolomite. Micrite often crypto-crystalline. 
s142-Spar includes marine-type isopachous, crinoid syntaxial overgrowths and meteoric meniscus spar. Replacement dolomite present. s143-Spar predominantly replaced by dolomite. 
Where spar is preserved it comprises mainly non-isopachous rim spar of probable phreatic meteoric origin, and syntaxial crinoid overgrowths. Compaction marked by pressure dissolution and 
exfoliation of ooid rims. s144, s145-Micrite of crypto-crystalline silt grade. Some of dolomite rhombs show zoning and contain inclusions giving them a frosted appearance. 
sl46-Non-isopachous, meniscus and dripstone vadose meteoric spars present. High percentage of skeletal grains preserved as moldic porosity. Rudist fragments heavily eroded. 
s147-Equant non-isopachous phreatic marine sprtr preserved. Crinoid syntaxial overgrowths also present. s148-Silt partially infills fenestrae and moldic porosity. s150- Dolomite occurs 
as both zoned sub-euhedral dolomite rhombs forming an interlocking mosaic texture and also in places as a fine crystalline silt. Dolomite replaces much (approx. 90%) of the original 
sedimentary texture of the sample. However, "ghost" outlines of many of the grains can be distinguished within the replacement dolomite allowing modal estimates of the replaced grain-
types to be estimated. The modal value for dolomite also includes these ghost grain-types which are marked with an asterisk. s153-Fenestrae, cracks, and moldic porosity partially infilled 
with coarse druzy spar and vadose silt geopetal fabrics s154-Spcctacular vadose meniscus and drip stone spar preserved. s154-Rcef crest corals extensively replaced by fine crypro-
crystalline mosaic of dedolomite rhombs. Cracks infilled with meteoric vadose silt. s158-Fenestrae and moldic porosity partially infilled with meteoric vadose silt geopetal fabrics. 
Meniscus spar <Jlso preserved. 
;:t... 
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(%)Modes 
Log: La Clusaz Road Section 
C/) C/) C/) Ol(ll <0 ro C/) Grid Ref: 09168 21090 Q) u Q) E <0 .... Q) Q) <0 .... .... .... C/) C/) Q) 0 Q) C/) 
.0 uOl Q) Q) Cii 
C/) u 
<0 Ol a. iii - ·-- - - -(/) 
c u 0 Q) 
Sheet 2 of3 co C/) C/) 0 .£: ·c ::J c·- o'c u :!; <O- <0 Q) C/) 0 a. ..... Ol Q) a. <0 ..... ._c Q) ·- 0 u co ' c iii C/) 0 2 :a·e :::: ·e - .~ .o- 0 C/) 0 Ol.!!! (.) e ·e > .£: u C/) C/) u (.) E =E o<..l N <0 co ·o .... ·;:: co c c ::J u Q) u (.) '(5 u ·ro ::J <0 0 ·- <0 .-~ ro .Q <0 <0 .... :;u <0 :.c o.!:2 .... iii 0 Q) > ro ·a co .... ro .a ... (.) >- 0 ..... 0 Q) ..... ::J ii) m Cii c a ::J 3: '-0 :1l 0 ~.E a. ~ ·- ::J m (.) a. a. C/) <0 No. Sample Description Prep a: 0 a: 11.. 0 0 (J o- u- (j) ~E 0 w (j)C/1 0 0 0 
18 s160 Grain-Pack TS - 3 <1 2 2 25 <1 2 3 - - - 5 <<1 15 5 26 - - - 8 - - 1 -
19 s494 Grain-Pack TS - 3 1 10 5 10 2 - 8 - - - 6 <<1 2 17 19 - 2 5 5 - <1 1 -
20 s495 Mud-Wack TS - <<1 <<1 3 4 5 - 2 <1 - - - 5 <<1 8 - 60 - - - <1 - - 1 7 
21 s496 Packstone TS - 3 15 4 9 10 - 4 - - - - 1 <<1 10 9 30 - - - 2 - <1 - 1 
22 s497 Grainstone TS - 5 <1 6 1 22 <1 1 5 - - - 2 - 21 30 1 - - - <1 - <1 <1 -
23 s499 Packstone TS - <1 3 4 20 <<1 2 1 - - - <1 <<1 25 10 30 - - - 2 - - <1 -
24 s500 Wac-Bounc TS 17 - - <1 2 - - <1 1 - - - - <<1 1 - 61 - 10 - 3 - 2 - -
25 a1080 Grainstone TS - <1 <<1 8 5 30 - 1 4 - - 2 2 <<1 5 25 - - <<1 1 12 - - 3 <<1 
26 a1082 Grainstone TS <1 - - 10 7 10 - - 12 - - 1 - - 1 25 - 4 2 10 10 - - 2 5 
27 a1083 Dolomite TS - - - - - - - - - - - - - - - - - - - - - - - - 100 
28 a1084 Dol-Grain* TS - - 7* 13* 15* 15* - - - - - - - - - 10* 5* - - 20* 15* - - - 70* 
29 a1085 Grainstone TS - 2 - 12 6 20 20 - 1 - - 1 <<1 3 25 - - <<1 - 5 - - 3 -
30 al086 Dol-Pack TS - - 9 4 - 2 - - - - - - - - 1 3 3 10 - 1 2 - - - 65 
31 a1087 Mud-Wack TS <l - 10 2 1 1 - - - - - - <<1 - <1 2 50 10 - - 2 - - - 20 
32 a1088a Grainstone TS - 2 <1 7 7 15 - - 10 - - - 14 - 4 20 <1 - 5 8 7 - - <1 -
33 a1088b Framestone TS - - - - - - - - - - - - - - - - - - - 100 - - - - -
34 a1089 Pack-GrqJn '-- TS - <1 ~- L__3 __ 3 39 - <<1 3 - - - 3 <1 4 10 1 - 7 - - <1 1 
- ---
L__ ___ 
--
Footnotes: 
s160-Meteoric dripstone spar present. Syntaxial crinoid overgrowths present. Compaction and pressure dissolution occur in more micritic rich regions. s495-Dedolomite individual 
euhedral rhombs with the centres preferentially replaced. Packstone fabric restricted to infills of borings. s495-Rudist fragments highly eroded. s496-Dedolomiie. Micrite predominantly 
of silt grade. s497-Rudist fragments often only preserved by shape of moldic porosity. s499-Micrite often of silt grade. Vadose meteoric meniscus spar. Individual zoned dolomite 
rhombs. a1083-Anhedral dolomite mosaic. a1084-Grainstone extensively replaced by an anhedral dolomite mosaic. "Ghost" outlines of some grains can be distinguished. Fenestrae, 
moldic and shelter porosity contain equant non-isopachous spar and vadose silt. a1095-Green algae include ooids of charophytes. a1086, a1088a-Contain replacive zoned euhedral 
dolomite rhombs. a1088a-Small amount of silt especially infilling corals. Meteoric vadose meniscus spar. Many orbitulinidae. a1088b-lron rich dolomite. Possible meniscus spar. 
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Log: La Clusaz Road Section 
Grid Ref: 09168 21090 (/) 
(/) (/) QJco co co (/) (]) 
"0 (]) (]) CO'- ..... E (/) co ..... (]) Cii (/) (]) 0 (]) !!! .... .a :2~ (]) Cii (/) "0 Sheet 3 of3 co 0> a. .r::. ·c: :::J - - - (/) c "0 0 2 
-ro (/) (/) c·- o'c 
"0 :5 co ... co (/) 0 0> (/) (]) 0 (/) a. co 0 .... ·- c (]) ·- 0 0 "0 (]) (]) a. .E 
'iii ti > :.c (/) u !!! ~-E :a .E .... .~ .a- (/) 0 O>- 0 e c "0 (/) 0 E =E ·;:: oo N c c :::J co (]) 
"0 -ro 0 ·a "0 '(3 co :::J .... ..... ·-co .I,! co .Q ro co .... (3"0 co -ro o.!:? ..... 0 "0 (]) > co 0 -ro .... co co 0 .a._ 0 > 0 E ti (/) 0 (]) ..... :::J cO Qj c :::J 3: '-0 :II 0 ~£ a. ~ ·- :::J cO 0 a. a. co No. Sample Description Prep a: (9 a: iii Q.· 0 () a a o- 0- (f) ~E () w ({)en 0 (9 0 
35 a1090 Wack-Pack TS - - 20 2 3 5 - 1 - - - - 5 1 5 - 53 - - - 5 - - - 1 
36 a1091 Packstone TS - - - 12 1 30 - <1 1 - - - - <<1 23 1 15 - - - 14 - - - 1 
37 a1092 From-Pack TS - - 4 4 2 39 - - <<1 - - <<1 - - 2 8 8 - 1 25 - - 2 - -
38 a1093a Pack-Grain TS - 1 1 17 3 34 1 - 4 - - - 2 1 4 6 6 - 2 2 15 - - 1 -
39 a1093b Pack-Grain TS - 1 1 17 3 34 1 - 4 - - - 2 1 4 6 6 - 2 2 15 - - 1 -
-
40 a1094 Grain-Pack TS - <l 4 4 11 15 - <<1 2 - - - 5 1 1 15 3 5 2 12 15 - - 1 -
' 41 al095 Packstone TS - - - 13 2 35 - <<1 - - - - - - 10 5 10 - 2 10 22 - - - -
42 al096 Pack-Grain TS - - - 18 1 18 - - - - - - - - 1 5 8 - - 45 8 - - - 5 
43 AX Packstone TS - 1 6 1 3 11 - - 4 - 12 - 1 - 10 9 14 - - - 2 - - - 26 
44 BX Calc-are nit TS - - - - - - - - - 1 80 - - - - 9 10 - - - - - - - -
45 ex Calc-are nit TS - - - - - 5 - - 1 - 70 - - - <<1 4 16 - - - <<1 . - - 1 
46 DX Packstone TS - - 6 18 <<1 8 10 - 5 - 3 <1 12 2 3 16 20 - - - 2 - 1 2 -
47 EX Packstone TS - 5 10 3 2 16 - - 1 - 1 <<1 1 - 12 15 22 3 - - 2 - - 5 1 
48 FX Grain-Pack TS - 5 3 15 7 12 - - 5 - <1 - 6 <<1 4 20 9 5 - - 5 - - - 1 
49 GX Grain-Pack TS - <<1 1 20 5 28 <<1 - 5 - <<1 - 2 - 4 25 2 - - - 2 - 1 <<1 1 
50 HX Grainstone TS - - 3 1 2 26 1 - 7 - - - <1 - 15 40 1 - - - 2 - - - -
' 
51 IX Packstone TS - 2 - 2 5 19 <<1 - 5 - - <<1 1 - 17 15 25 1 - - 5 - <1 - 1 
----
Footnotes: 
a1090, al091, a1094, a1096-Much of the micrite is of crypto-crystalline silt grade. a1092, a1094-Meniscus spar. a1095-Spar restricted to echinid syntaxial overgrowths. 
AX-Zoned replacive dolomite. Fenestrae and cracks contain quartz. BX-A small amount of pyrite ( <1 %). CX-Contains dedolomite. DX-Orbitulinidae foraminifera test infilled with 
quartz. Intraclasts also contain quartz. Oolitic skeletal grains arc included in both modes of individual skeletal grain type and collectively as ooids. Some of rudist fragments only preserved by 
shape of moldic porosity. EX-Moldic porosity and cracks infilled with quartz and vadose non-calcareous meteoric silt. Dedolomite present. Rudist fragments highly eroded with micritic 
oncolitic coatings. FX-Micrite of silt grade, spar predominantly echinid syntaxial overgrowths. Contains dedolomite. OX-Contains silt and dedolomite. HX-Contains marine spar, 
syntaxial echinid overgrowths and non-isopachous phreatic meteoric spar. Cracks infilled with silt. IX-Cracks infilled with non-calcareous silt. 
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Log: Cluze Road Section rn rn rn Q)<l:l <1:1 <1:1 rn Q) 
'0 {!! E rn Grid Ref: 09281 21262 <1:1 Q) Q) (IlL. ... ... rn Q) c Q) rn .c 'OQ) 2 Q) ... rn '0 Ol 
-
-rn c ('() a. 
.s:: ~ ·c: ::J ·-- - Q) (/) '0 c Q) Sheet 1 of3 "iii rn (/) c c·- o'E '0:5 <1:1- ('() '0 c a. -Ol Q) rn a. <1:1 c - . C Q) ·- c c Q)Q) 0 .E ~ ~ > :.E u 2 :~n~ :e .E - 2 .c- (/) c e>- c c '0 (/) rn 0 E =E ·;: co N c c ::J ('() ... Q) "iii 0 ·o '0 ·u ('() ::J ... 
.Q ro ·;: ro "iii ... (i) c '0 <1:1 ... ·-(II -~ ro ('() (j'O c.!:! '0 Q) > ('() ·o "iii ... ro c .c._ 0 >- 0 .c ~ 0 Q) ::J Qi :J :II 0 ~.E a. a. a. No. Sample Description Prep ... m ci5 c a :J: ... c ~ ·- ::J ... 0 ('() 0 0: <.9 0: a.. 0 0 () o- 0- (f) ~E m 0 w (j)<ll 0 <.9 
1 a834a Grainstone AP - 1 <<1 10 3 25 - <1 9 - - - - - 7 35 - - - 3 1 - - 4 -
2 a834b Packstone AP - - 2 10 1 20 - - 1 - 1 - 3 - 3 10 40 - - 2 6 - - - 1 
3 a835 Packstone AP - 3 - 2 2 5 - - 10 - 10 - 15 - 5 2 35 - - - 1 - - - 10 
-
4 a836 Packstone TS - 4 <<1 5 2 8 - <1 2 - 2 - 5 <1 15 4 45 - - - 5 - - - 1 
5 a837 Packstone AP - 4 <<1 7 3 15 - <1 - - 2 - 4 <1 10 7 38 - - - 5 - - <1 1 
6 a838 Grain-Pack AP - 1 <<1 8 6 25 - <1 20 - 1 - - - 12 19 2 - - - - - - 3 1 
7 a839a Pack-Grain AP - - - - - 40 - 2 - - 1 - - - 5 30 15 - - - 5 - - - 3 
8 a839b Mud-Wack AP - - - 1 - 4 - <<1 - - <<1 - <1 - - - 80 - - - 3 - - - 10 
9 a840 Packstone AP - 1 7 10 7 17 - - 10 - 1 - 9 - 3 20 10 - - - 2 - - 3 10 
10 a841a wack-Pack AP - 1 - 7 3 5 - - 1 - 10 - 12 - 3 5 46 - - - 2 - - - 5 
11 a841b Wack-Pack AP - 1 9 2 2 8 - - 1 - 2 - - - 3 5 60 - - - 2 - - - 1 
12 a842 Dolomite AP - - - - . ·------ -. - - - - - 1 - - - - ---- ·---- ---- - - - - - - 99 
13 a843 Grainstone AP - - - 6 5 37 - 1 - - 1 - - <1 5 30 - - - - 9 - - - 5 
14 a844 Pack-Wack AP - <1 6 5 5· ·33 - <1 10 - 1 - <1 - 7 9 ··17. --- - - 3 - - - <<1 
15 a846 Grain-Pack AP - - 5 10 1 27 - <1 5 ~ <<1 - - - 10 20 16 - - - 5 - - - <1 
16 a847 Grain-Pack AP - 1 <<1 2 1 30 1 <<1 - - 15 - 3 <1 7 25 5 - - - 2 - - - 5 
17 a848 Packstone AP - <1 6 4 3 24 - <1 - - 20 - - - 2 10 17 - - - 1 - - <1 10 
18 a849 Pack-Wack AP - 1 7 2 <1 5 - <1 - - 10 - - - 8 5 53 - - - <1 - - <1 5 
19 a854 wack-Pack AP - 2 18 8 6 3 - - - - <1 - - - 3 7 51 - - - - - - - <1 
20 a855a Grainstone AP - 4 <<1 16 2 26 - 1 5 - - - -·· - 7 35 - - - 3 - - - - -
21 a856 Grain-Pack AP - <<1 10 5 2 37 - 1 1 - 2 - 1 - 5 30 3 - - - <1 - - - 1 
22 a858 Grain-Pack AP - - 8 5 2 44 - - 5 - <<1 - - - 3 20 10 - - - 1 - - <1 <<1 
23 a861 Wack-Pack AP - <1 - 10 1 5 - <1 - - <<1 - 3 <1 5 <1 66 - - - 3 - - <1 <<1 
24 a862 wack-Pack AP - 2 <<1 3 2 10 - <1 1 - <<1 - 12 <1 5 <1 55 - - - 4 - <1 - <<1 
25 a863 Grainstone AP - <1 4 3 6 38 - - L__§ - <<1 - 5 - 3 27 - - - - 5 - - <1 <<1 
--- ----
,_ - L ____ L___ __ 
-- -
Footnotes: 
a834a-Meniscus spar. Fenestrae infilled with drusy mosaic spar. a834b-Quartz occurs in tests of orbitulinidae. Some silt present. Bivalves mainly calcitic (oysters). a835-Pervasive. 
compilction forming sutured seam solution/ brecciation. a836-Quarts infilling orbitulinidae tests. Druzy spar restricted to cracks and dissolution fenestrae. Silt geopetal infills of some 
moldic porosity. a383-Meniscus ilnd dnJZy spar present. Silt. a839b-lndividual euhedral rhombs of dolomite. a840-Anhedral druzy dolomite mosaic. geopctal silt infills of moldic 
porosity. Quarts occurs in orbitulinidae tests. a84la, a48lb-Dedolomite. Quarts concentrated along compaction stylolites and in tests of orbitulinidae. a842-Fine mosaic of dolomite. 
a843-Dolomite scattered euhedral rhombs. a853-Meniscus and drusy spar. a855-High degree of moldic porosity. a856-Rudist fragments partially dolomitized. Meniscus spar. 
a862-Spar mainly restricted to cracks. 
~ 
:g 
i 
~-
~ 
J:>, 
1.0 
en 
Log: Cluze Road Section 
(%)Modes 
Cl) Cl) Cl) Q)~ ~ ~ Cl) 
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.!: c::J ~ ... Q) 
'6 -ro 0 ·o "0 ·u ~ ::J ... ... --~ .S:l~ .2 ro ro ·;:: t>-o ~ -ro o.!d ... - 0 "0 Q) > ~ ·o 
-ro ... ~ 
~ 0 .c._ 0 >- 0 r. Vi Cl) 0 Sample Description Prep Q) (5 ::J OJ Qi :E a ::J ~ '-0 :1l 0 ~£ a. -~ ·- ::J ro 0 a. a. ~ 0 No. 0: 0: ill a.. 0 0 (J o- 0- (/) ~E 0 w (/)Cil 0 (.9 
26 a864 Grainstone AP - - 10 5 4 33 - - 5 - <<1 - - <1 1 30 <1 - - - 10 - - - <<1 
27 a865 Grainstone AP - - 15 2 3 34 - - 5 - <<1 - - <1 <1 34 - - - - 5 - - - <<1 
28 a866 Grainstone AP - - 10 4 5 25 - - 2 - <<1 - - - <1 30 - - - 15 7 - - - <<1 
29 a867 Grain-Pack AP - - 14 5 5 34 - - 1 - <<1 - - - 1 27 1 - - 1 10 - - - <<1 
30 a868 wackestone AP - - 15 4 5 2 - - 3 - <<1 - <1 - <1 9 55 - - 2 1 - - 1 <<1 
31 a869 Grainstone AP - - 3 1 5 36 - - 1 - <<1 - <1 <1 <1 25 - 5 - - 20 - - - <<1 
32 a871 wackestone AP - - 18 - - 5 - - 5 - <<1 - <1 - 1 10 53 1 - - 3 - - - <<1 
33 a872 Grain-Pack AP - - - - - 46 - - 17 - <<1 - - - 2 27 5 - - - 2 - - - <<1 
34 a873 Grain-Pack AP - - 7 5 1 25 - <1 4 - <<1 - 7 - 9 20 10 - - - 10 - - - <<1 
35 a877 Pack-Wack AP - <<1 - 2 - 30 - <1 5 - <1 - - - 10 4 40 - - - 5 - - - <<1 
36 a878 Grainstone AP - - - 5 5 20 - - 15 - - - 1 - 10 35 - - - 6 1 - - 2 -
37 a883 Grain-Pack AP.- -- . - - 5 23 2 19 - - 19 - <<1 ·""·-·· ·---1 - 1 10 10 - - 2 5 <1 - -< 1-- -«1 
38 a895 Mud-Wack AP - 1 3 5 1 2 - - 5 - 10 - 10 - 2 - 55 - - <1 - - - - 5 
39 a897 Packstone AP ...... - - 4 4 52 - 2 5 - <<1 - . . . - - 1 8 10 - 1 - 12 - - -··-- <<1 
40 a898 Grainstone AP - 1 8 17 - 10 - - 3 - 1 - 2 - 5 17 17 - - 7 10 <<1 - - 1 
41 a899 Mud-Wack AP - - - 2 1 <1 - <1 - - <<1 - - - <1 <1 86 - - - 7 - - - <<1 
42 a900 Mud-Wack AP - - - 3 1 1 5 - 1 - 1 - - <1 - 1 80 - - - 5 - - - 1 
43 a901 Grainstone AP - - 5 20 5 10 - - 9 - <1 - 5 - - 20 5 - 5 7 2 - - 5 1 
44 a902 Mud-Wack AP - - - <1 <1 8 - - - - <<1 - - <1 - 7 65 - <1 - 15 . - - - <<1 
45 a903 Packstone AP - - - 14 5 10 - <1 5 - <<1 - 2 - - 19 19 - 8 8 5 1 - 5 <<1 
46 a906 Wack-Pack AP - - - 2 2 32 - <1 1 - 4 - - - - 4 32 - 2 - 19 - - - 1 
47 a907 Pack-Wack AP - <1 - 3 3 30 - <1 2 - 2 - - - - 4 30 - 3 - 20 - - - 1 
48 a911 Pack-Grain AP - 1 - 4 4 38 <<1 <1 <1 - 1 - - - 4 15 8 - 1 - 20 - - - 1 
49 a912 Packstone AP - 1 - 1 2 36 - - 2 - 4 - - - - 5 5 - - 40 - - - 5 
50 a916 Mud-Wack AP - <1 1 1 1 38 - 1 - <<1 - 1 - 1 5 39 - 1 1 1 - - 1 2 
Footnotes: 
a864, a865, a866, a867-Microcrystalline spar. a868-Geopetal silt infills of moldic porosity. Spar-restricted to cracks. a878-Silty. a878-Meniscus and drusy spar. a895-0rbitulinidae 
test infilled with quartz. Sutured seam solution/brecciated. a898-Fine grained dedolomite silt. Internal rim of skeletal grains contain non-isopachous spar and are then infilled with silt. 
Meniscus spar. Calcitic sponge present. a901-Meniscus spar. a902-Some echinids selectively replaced by dolomite. Calcitic sponge fragments present a903-Contains calcitic sponge 
fragment. a906, a907-Pressure dissolution stylolites. 
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(%)Modes 
Log: Cluze Road Section (/) (/) (/) Ol(ll (ll (ll (/) OJ 
"'0 OJ E (/) Grid Ref: 09281 21262 (ll .... (/) 2 OJ <ll'- .... .... (/) Q) 0 Q) .0 "COl OJ Q) .... (/) "'0 (ll ~ c. ~ u; 
·c: ·-- - -
-(/) c Q) "'0 0 Q) (/) :::J c·- u·c 
"'0 :~ <ll- <ll Q) (/) 0 c. -Sheet 3 of3 C> <ll 2 Q) 0 (/) c. <ll 0 - ·- c Q) .~ ·- 0 0 "'0 C>.!!! u ·e 2 :a·e :-a ·e - .0- (/) 0 0 -ro c (/) > ~ "'0 (/) (/) u u E =E ·;::: ou N c c:::J <ll .... Q) 
'6 «; u i5 "'0 '(j <ll :::J .... .... ·- <ll ..!:!<U .Q (ll (ll .... (3-o <ll -ro :.2 o.~ .... u; 0 "'0 Q) > <ll ·c; 
-ro .... (ll 
(ll ~ .o .... u >- 0 - 0 Q) .... :::J .... a; c :::J '-0 <ll'- ~.E c. ~ ·- :::J .... u c. c. (/) <ll No. Sample Description Prep a: (!} a: m m 0... 0 0 a 0 o- o.E (/) ~E m 0 w (j)(l) 0 (!} 0 
51 a917 Pack-Wack AP - - - 2 4 34 l - 1 - <<1 - - - 1 10 5 - - 4 33 - - - 1 
52 a918 Grain-Pack AP - 1 - 12 4 15 10 - 9 - 1 - 1 - 1 20 3 - 5 1 10 - - 5 1 
53 a919 Grain-Pack AP - 1 - 5 3 33 1 1 3 - 1 - - 1 1 10 5 - - - 33 - - - 1 
54 a920 Grainstone AP - - - 15 3 28 - - 13 - 1 - <1 <1 <1 20 - 2 5 <1 5 - - 5 2 
55 a921 Grain-Pack AP - - - 16 1 28 - - '2 - 1 - - - <1 15 10 - - - 25 - - - 2 
56 a922 Grainstone AP - - - 14 5 24 <1 - 10 - 1 - - - 3 19 1 - 1 - 19 - - - 1 
57 a924 Packstone AP - - <<1 15 7 24 - - 7 - 1 - 2 - 2 14 19 - - - 7 - - - 1 
58 a925 Packstone AP - - 19 10 10 10 <1 - 7 - 1 - 2 <1 1 15 25 7 - - - - - - 1 
59 a927 Packstone AP - <1 - 7 3 30 - 1 15 - - - - - 10 15 10 5 - - 2 - - - -
60 a929x Mud-Wack AP - <l - 10 5 10 5 - - - 1 - <1 - 3 2 59 - <1 - - - - 1 <1 
61 a929 Wack-Grair AP - - - 10 10 10 10 - 18 - 1 - - - 3 15 11 - - <1 9 - - <1 1 
62 a929c Grain-Pack AP - - 2 3 6 40 . <1- -··· .. -·-- 14 - 1 - 4 - 4 20 5 - ··-·-~--· 1 - - - 1 
63 a930 Grainstone AP - 2 - 18 2 2 35 - 7 - - - - - 5 18 - - 3 1 6 - - 1 -
64 · a931 Grainstone AP - 2 - 14 4 5 17 .. ···--·· 15 - <<1 - 2 - 2 20 - - 7- ·-1- 5 - - 5 <<l 
65 a932a Grainstone AP - 1 - 19 19 13 1 - 5 - 1 - 1 - 5 20 - - 6 1 6 - - 1 1 
66 a932b Grain-Pack AP - 1 - 17 7 5 15 - 5 - 1 - <1 - 3 15 8 - 5 1 14 - - 1 1 
67 a933 WackestonE AP - - - 1 1 10 1 - - - 1 - - - 1 5 76 - - - - - - 1 2 
68 a934 Pack-Grain AP - 1 - 10 10 5 - - 10 - <<1 - - 1 <1 10 20 - 10 10 10 - - 1 <1 
69 a937 Packstone AP 1 - - 9 9 5 9 - 5 - 4 - 2 - 1 10 10 2 9 9 9 - - 1 5 
70 a938 Grainstone AP - 4 - 14 <1 15 3 - 14 - <<l - 2 - 1 10 - - 10 10 10 - - 5 1 
71 a941 Packstone AP - 5 - 8 <1 15 - - 10 - - - 5 - 1 15 5 - 10 10 10 - - 5 -
72 a942 Packstone AP - - - 10 10 20 - 1 - - 1 - - 1 4 13 10 - - - 30 - - - 1 
73 a944 Packstone AP - 1 - 10 3 20 - - 3 - 1 - 1 - 3 10 5 - 10 3 24 - - 5 1 
74 a947 Pack-Wack AP - - - 5 8 20 - - 3 - 1 - - - 1 7 10 - 9 <1 25 - - 2 8 
_ .. 
Footnotes: 
a918-Contains a small amount of microcrystalline silt. a920-Compaction induced flaking of grain 'rinds'. a922-Small amount of crypto-crystalline silt. a923-Sutured fabric with early 
cemented ooid intraclast being more resistant to compaction. a930-Compaction induced fracture and exfoliation of oolitic coatings. a931-Parallel aligned fabric. a932b-Stylolites. 
a937-Sutured/brecciated fabric. a941, a942, a944-Contain crypto-crystalline silt. 
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Log: Les Combes 
(/) (/) 
Grid Ref: 09177 21220 Q) "0 Q) Ill .... Q) Q) 0 Q) (/) Ol 0. 
- -Sheet lof 1 Ill (ii (/) (/) 0 s:; (/) ·c: Ol Q) (/) 0. Ill 0 u; E (ii c > "0 (/) (/) (3. 0 
Q) ii (ii 0 0 "0 ·u Ill ::l "0 ~ > Ill ·o (ii .... Ill No. Sample Description Prep £ ::l .... Qi 'E a (9 0:: co (!) c.. 0 u 
1 a 53 Pack -Grair AP - 6 - 13 8 20 - 1 - -
2 a 54 wack-Grain AP - 3 1 12 8 12 1 - 2 -
3 a 55 Grain-Pack AP - 1 2 8 5 27 - 1 4 -
4 a 56 Packstone AP - 1 <1 8 6 25 - <1 2 -
5 a 57 Grain-Pack AP - <1 <1 10 5 16 - 1 5 -
6 a 58 Pack-Grain AP - 6 6 4 4 24 - <1 5 -
7 a 59 wack-Grain AP - 2 12 4 4 10 - <1 5 -
8 a60 Grain-Pack AP - 2 2 5 4 19 1 1 5 -
9 a61 Grainstone AP - 6 <1 5 3 18 - 1 - -
10 a153 Packstone AP - <<1 12 4 2 8 - 1 1 -
11 a154 Pack-Wack AP - 1 2 12 14 17 - 1 1 -
·(%)Modes 
(/) Ol(1) Ill Ill Q) Ill'- .... .... 
..c "COl Q) Q) 
·-- - -::l c·- o'2 
-o:E ..... ,_c Q) 2 :a·E :E .E - -~ E =E ·.: .... 
.... 
·-co ~co .Q Ill co .... Ill 0 .c._ 0 ::l ~ '-0 co .... ~£ 0. ~ 0 o- u.E (/) 
<<1 - 1 - 15 17 17 
1 - 1 <1 12 14 30 
<1 - 1 - 7 30 8 
<1 - 5 - 5 8 25 
<1 - 5 1 15 23 10 
<<1 - 1 - 10 10 24 
<1 - <1 - 9 13 30 
<1 - <1 - 15 19 19 
<<1 - 3 <<1 7 48 -
<<1 - 7 - 5 7 38 
- - 4 1 10 4 30 
(/) 
E (/) 
.... 
-(/) c Q) Ill- Ill 
"0 
·- 0 0 
..c- (/) 0 oo N (ii . £:: t>-o Ill ~ .... s:; ·- ::l 0 0 ~E en () w 
- - - -
- - -
1 
- - - 5 
- - 7 3 
- - - 5 
- - - 4 
- 1 5 <<1 
- - - 5 
- - - 5 
- - 7 7 
1 - 1 1 
(/) 
"0 Q) (/) 0 
o.l!! 0 
c ::l co o.~ .... u; 0.0. (/)(/) 0 
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
(/) 
"0 
0 
0. 
0 
.... 
u; 
co 
(9 
1 
-
-
-
1 
-
-
-
-
-
-
Q) 
-.E 
0 
0 
0 
-
<1 
<1 
2 
<1 
1 
<1 
<1 
<1 
-
-
;:t.. 
:g 
~ 
2. 
~· 
12 a155 Grain-Pack AP - 1 3 5 5 31 - 1 1 - - - 1 <<1 6 25 15 - - - 5 - - - -.~::> 1 II! 1 u 1 vv 1\:71 uu1-r U\..1\l 1'\r 1 - 1  1 v 1 v 1 v 1 v 1 1 1  1  1 1 1 1  1 ..;..; 1 1 v 1 L-v 1  v 1 1 1 1 v 1 1 1 - J 1 ;:t.. 10 ------ --
00 13 a156 Packstone AP - <1 10 6 5 15 - 1 1 - <<1 - 1 1 4 10 44 - - - <1 - - - <1 
14 a158 Pack-Wack AP - 1 20 2 2 10 - 1 5 - <<1 - 1 - 5 6 40 - - - 4 - - - 3 
15 a159 Packstone AP - <1 - 6 6 20 - 1 3 - <1 - 7 <1 5 10 20 - - - 20 - - - -
16 a160 wack-Pack AP - <1 17 5 9 10 - 1 - - - - - <<1 3 6 40 5 - 2 1 - - - 1 
17 a161 Pack-Wack AP - 1 12 7 7 15 - 1 2 - <1 - 2 <1 5 10 30 - - - 2 - - 1 1 
18 a163 Grainstone AP - - <1 1 1 30 - 1 - - 34 - - - 6 15 - - - - 5 - - - -
19 a164 Grain-Pack AP - <1 19 9 7 15 - 1 1 - 9 - - - 7 10 20 - - - <<1 - - 1 -
20 a165 Grainstone AP - <1 <1 1 1 36 - - - - 36 - - - 5 16 - - - - 4 - - - -
21 a163x Grainstone TS - <<1 2 <1 3 21 - <1 1 <<1 20 - <1 - 15 33 - - - - 1 - - - -
22 a164x Packstone TS - 1 19 9 4 17 - <1 1 <<1 15 - - - 10 7 15 - - - <1 - - - -
23 a165x Grainstone TS - 1 <1 2 <<1 25 <<1 <<1 2 <<1 27 - 1 - 15 20 - - - - 2 - - - -
24 a166 Packstone TS - 2 <<1 5 <1 15 1 1 1 - 15 - 1 <<1 15 16 22 - - - 2 - <<1 - -
--
Footnotes: 
a60-Cracks infilled with silt grade micrite. al58-In places micrite is of silt grade (crypto-crystalline). a164-Partial chert alteration of rudists fragments common. 
a165-Cracks infilled with quarts, iron stained chert and silt grade (crypto-crystalline) micrite. 
.j:>. 
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Log: Col des Aravis 
Q) 
Grid Ref: 09197 21061 (I) Q) 0> co C/) 
Sheet lof2 0> (ij C/) Q) 
-ro (ij > c 
-ro Q) "0 '0 Q) > 
No. Sample Description Prep Q) ..... :J iii a: CJ a: 
1 s72a Deb rite TS - - - 15 
2 s72b Debrite TS <1 <1 <<1 10 
3 s73 Wack-Pack TS - - - 7 
4 s74 Packstone TS - - - 7 
5 s75 Deb rite TS - - - 1 
6 s76 Packstone TS - - - 1 
7 s77 Packstone TS - - - 2 
8 s78 Deb rite TS - - - 7 
9 s79 Wack-Pack TS - - - 4 
10 s81 f_.vackestonE TS - - - 3 
11 s82 Pack-Grain TS - - - 3 
12 s83 Pack-Grain TS - 1 5 4 
13 s84 Packstone TS - - - 2 
14 s89 Grainstone TS - <1 <1 10 
15 s90 Mud-Wack TS - - - 3 
16 s91 Pack-Wack TS - - - 10 
17 s92 Packstone TS - - - 5 
18 s95 Grain-Pack TS - - - 5 
19 s96 Pack-Grain TS - - - 5 
20 s97 Pack-Grain TS - - - 2 
21 s98 Pack-Grain TS - - - 1 
22 s99 Dolomite TS - - - -
23 s 111 Packs ton~ TS - - - 7 
24 s112 wack-Pack TS - - - 5 
25 s113 Paci<-Grain TS - - - 7 
Footnotes: 
s72-Debrite with (a) packstone matrix, (b) grain-pack clasts. 
(%)Modes 
C/) C/) C/) mco (I) il C/) Q) "0 ..... Q) Q) co .... ..... C/) E C/) 0 Q) C/) .0 "t)Ql ~ ..... C/) "0 - - c a. .s::. ·c; :::1 ·-- -C/) Q) "0 0 Q) C/) c·- o'c co- (I) m2 0 a. (I) 
-
·- c "0 .5 Q) ·- 0 "0 0 a. .... 
:E C/) u 0 2 :~n~ :e ·e ~ .c- 0 C/) 0 o- 0 0 .E "0 C/) C/) 0 E ~ E ~ oo N co '() ..... ~ c c::J ..... 0 '(5 '0 (I) :::1 ..... 
·- ro .5:!co ..... t-o (I) o.~ ..... (ij 0 co 
·a 
-ro .... (I) 
(I) ~ .c._ ·- ro ro 0 c.- .... :E - 0 ..... Qj - a :::1 '-0 <0'- :::..... a. ~ ·- :::1 0 0 a. a. C/) co c.o D.. 0 (J .E 0 o- o.E ~.£ (/) ~E c.o (.) w (/)C/1 0 CJ 0 
-5 10 - 1 - - 1 <1 - <1 10 10 35 - - - 5 5 1 - 1 
8 30 <1 <1 3 - - <1 - <1 7 25 6 - - - 3 <<1 <1 - -
6 7 <1 2 2 - 2 - - 1 7 5 50 - - - 3 3 4 - -
7 10 1 3 1 - 2 1 - <1 7 5 46 - - - 5 1 2 - <1 
1 7 - 1 - - 2 <1 - 1 6 ~ 60 - - - 7 7 5 - -
3 5 - 1 - - 12 1 - - 7 - 45 - - - 9 9 7 - -
10 10 <1 1 - - 1 - - <1 7 - 40 - 4 - 20 - 3 - -
7 10 <1 1 - - 1 1 - <1 5 - 45 - - - 21 - - - -
4 - - <1 - - 4 - - <1 2 - 56 - - - 25 - 3 - -
- 10 - 5 - - <1 - - <1 1 10 49 - - - - 18 <<1 <<1 1 
1 30 - - - - 1 - - - 3 12 5 - - - 40 - <1 <1 3 
2 43 - - 5 - - - <1 - 10 16 7 3 - - 1 - - 2 -
~ ~ 
i ~· 
~ 
1 40 - - <1 - 1 - - <1 4 7 10 - - - 32 - - - -
10 12 4 - 10 - - - 5 - 5 22 - - 6 5 10 - - - -
- - - 10 - - - - - - - - 80 - - - 3 3 1 - -
<1 10 - 5 - - 1 - - - 3 <1 35 - - - 20 15 1 - -
5 25 - <1 - - 2 - - <1 8 3 20 - - - 30 - <1 - -
- 30 - 5 - - 2 - - - 7 25 5 - - - 20 - <1 - 1 
5 25 - 1 - - 3 1 - - 10 14 10 - - - 25 - 1 - -
2 30 - 1 <1 - 1 - - - 3 11 10 - - - 25 6 1 - 5 
1 30 - 1 - - 1 - - - 5 17 10 - - - 25 - 1 - 8 
- - - - - - - - - - - - 5 - - - - - - - 95 
1 10 - 7 - - 4 - - <1 2 4 36 - - - 10 15 2 <1 -
6 10 - 5 - - 3 - - <1 6 - 59 - - - 5 - 1 - -
3 20 - 1 - - 4 - - <1 17 22 20 - - - 25 - - <1 -
-~ 
s75-Debrite with pack-wack fabric. s78-Debrite with packstone fabric. 
V1 
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Log: Col des Aravis 
Grid Ref: 09197 21061 
Sheet 2 of2 
No. Sample Description Prep 
26 s115 Pack-Grairi TS 
27 s116 Pack-Grain TS 
28 s117 Grain-Pack TS 
29 s118 Pack-Grain TS 
30 s119 Wack-Pack TS 
31 s120 Grain-Pack TS 
32 s122 Packstone TS 
33 s123 Packstone TS 
34 s861 Wack-Pack TS 
35 s862 fNackestonE TS 
36 5863 Wack-Pack TS 
37 s864 Packstone TS 
()l 
Ql <ll Ol <ll (/) 
Ol co (/) Q) 
co ';;) > c Q) 
'6 co "0 ()l > Q) :J 
cr: (5 cr: ro 
-
- -
10 
- - -
13 
-
-
- 13 
- 20 3 2 
- - - 3 
- - - 2 
·-- --· - -
- -
- 5 
- - - 3 
- <<1 - 4 
- <1 . 4 
- 1 - 4 
- 2 - 5 
(/) (/) Ql 
"0 .._ Ql 0 Ql C/) 
- -
a. .£:. (/) '2 0 a. ro (/) 0 2 :.c "0 (/) 0 () (/) () 0 -o '(J ro :J .._ ro 
·a "@ .._ ro ro iii 
.:5 :J m a... 0 u a (J 
3 7 - 5 - - 1 
6 8 <1 <1 - - 2 
4 12 - 1 - - 5 
2 20 - - 2 - <1 
1 5 - - - - 5 
1 25 - 1 <1 - 1 
3 10 - 3 - - 1 
1 - - 1 - - 9 
1 10 - 7 . - -
1 <1 . <1 - - 1 
1 15 . 4 - - -
1 33 - 1 . - -
·(%)Modes 
(/) Ql(O <0 <0 Ql (OL- .._ Qj 
.0 :22 ()l 
- -
-(/) 
:J c·- u'c 
-o:s 
<ll-
-
:.:.5 
.2! ·- 0 .~ .o-E .aE :e .E =E ou ·;:: 
.._ 
·- ro .!:!ro .Q ro ro .._ t;-o ~ .c._ () ._0 ro .._ ~.E a. ~ ·- :J o- u.E (/) :'2E 
- - 1 7 14 30 -
<1 - <1 7 9 38 -
-
- - 12 30 13 -
-
- - 5 8 23 3 
- - <1 2 6 62 -
1 
- -
4 16 10 -
- - 3 3 1 38 -
- - <1 <1 10 47 -
- - 1 1 3 55 -
- - <1 1 - 70 -
-
-
1 1 5 50 -
. 1 1 4 5 40 -
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ro ()l (/) 
"0 Q) ()l 0 0 N (/) Ol-
"@ c c:J ro :.c 0-~ >- .._ .._ 0 () a. a. 
co u w (/)</'! 
- - 5 15 
- - 10 -
- - 10 -
- 5 5 -
- - 10 3 
- - 34 -
- - 5 25 
- - 13 12 
- - 1 15 
- - 9 10 
-
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. Log: Col d' Encerena (%)Modes 
rJ) rJ) 
rJ) a>ro (1) ~~ rJ) Grid Ref: 09229 21219 Ql '0 Q) E (1) .... Q) Q) ro .... .... rJ) Q) 0 Q) rJ) .0 'OQ) 2 .... 0> a. ':;) - -Vl c: Sheet lof 1 (1) ro rJ) .c. ·c: ::l ·c~ u'c ro- (1) Q) Q) rJ) 0> 2 Q) .Q rJ) a. (1) 0 .... ·- c: '0 .5 Q) ·- 0 0 '0 Ol~ ro rJ) > .s::. rJ) 0 rJ) ~!'i~ :E ·e 2 .o- rJ) 0 c: '0 rJ) u .... E 'g E ·'E ou N c: ::l Q) ro u 0 '0 ·u (1) ::l .... ·.: (1) ro c: '0 '0 (1) ~ ·- (1) .l:!ro ·- (1) (1) u'C :c o.!:! ~ ::l > (1) Qi '6 ro .... (1) .o.._ u >- 0 No. Sample Description Prep Q) m m c a ::l "-0 (1) .... =.... a. ~ ·- ::l .... u a. a. cr: (9 cr: a. 0 () 0 o- u.E ~ .E (/) ~E co () w (/)Vl 
1 s386 Mud-Wack TS 3 - 4 4 4 - - 1 - - - - - <1 6 7 60 5 - 5 - <<1 
2 s387 Grainstone TS - 2 7 3 3 28 - - 1 - - - <1 - 17 28 5 - - - 2 -
3 s470a Mudstone TS - <1 1 4 - - - 1 - - - - - <1 2 3 86 - - - - -
·4 s471 Grainstone TS - 1 3 6 6 30 - - 5 - - - 10 - 10 20 1 - 1 1 5 -
5 s473 Packstone TS 2 2 5 15 14 13 - - 2 - - - - - 5 5 20 1 - 9 2 <1 
6 s477 Grainstone TS - 1 - - - - - - - - 3 - 70 - - 20 - - - 5 1 -
7 s478 wack-Pack TS - 10 2 9 5 10 - - 2 - 1 - 10 <1 18 10 18 - - 1 - -
8 s479 Packstone TS - 2 2 5 - 27 - <1 3 - 2 - 7 <1 17 5 27 - - - - -
9 s480 Mud-Grain TS - 1 2 5 1 15 - - - - - - - - J5 14 40 7 - - - -
--
Footnotes: 
s470a-Mudstone, sparite confined to birds-eye fenestrae s473-Sparite confined to dissolution fenestrae s477-Quartz present inside tests of orbitulinidae foraminifera 
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Log: Col d' Landron 
Grid Ref: 09074 21176 
Sheet 1 of2 
Footnotes: 
Q) 
~ 
ro 
(%)Modes 
Q) 
~ 
ro 
a368, a369-Hcavily bioturbidated. Spar restricted to burrows. a369-Partial chert alteration of skeletal fragments. a372, a375, a376-Iron rich dolomite/silt infilling borings and crack. 
Dolomitisation also along stylolitic compaction seams. a382-Extensivc dolomitization. Large calcitic bivalves (oysters) present. a883-Scattered individual euhedral dolomite rhombs. 
s386-Partial chertification of skeletal grains. Moldic porosity infillcd with coarse druzy spar. Calcitic sponge fragments present. a387, a401a, a403, a405, a406-Scattercd euhcdral rhombs 
of iron rich dolomite. a402-Dolomitc preferential occurs along compaction stylolytic pressure dissolution scams. a402a, a406-lnclude large oysters partially altered to chert. a403, 
a405, a406-Spar dominantly syntaxial overgrowths of crinoids. a407-l\lignec.l fabric. Small amount of microcrystalline spar/silt present. a408-l\ligncc.l fabric. a410-Nigncc.l fabric. 
Calcitic sponge fragment present. Meniscus sp<~r. Extensive skeletal grain dissolution with outlines preserved as moldic porosity. a411-Coarse druzy mosaic spar. Compaction induced 
exfoliation of 'rinds' of some grains. 
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! (%)Modes 
Log: Col d' Landron (/) (/) (/) Ql(ll (ll (ll (/) 
Grid Ref: 09074 21176 Q) "0 Q) Q) (IlL. 2 .... E (/) (ll .... (/) 2 (/) (/) Q) 0 Q) ..c :2~ 2 c .... '0 Ol 
-:;:; -(/) Q) '0 0 Q) (ll ro (/) 
Q. 
.J::. ·c: :::l c·- u'c u:£ <ll- (ll "0 (/) 0 Q. Sheet 2 of2 .2' (/) Q) 0 (/) Q. (ll 0 - ·- c Q) ·- 0 0 Q) Q) u .E 
-:;:; ·.c (/) ::~l"E :~·E - 2 .0- (/) 0 Ol- 0 ro c > '0 (/) (/) u u 
-
E =E ·;::: ou N c c:::l (ll .... Q) ro u 0 '0 Ti (ll :::l .... ~ ·- (ll -~ (ll .Q (ll (ll '5 (3-o ro ro 0-~ .!:: -:;:; 0 '0 Q) '0 (ll ·o ro .... (ll (ll .c._ >- 0 .J::. 0 Q) .... ::J > m Qj c :::l '-0 :ll 0 ~2 Q. ~ ·- :::l m u Q.Q. (/) (ll No. Sample Description Prep a: (.9 a: i:i5 a.. 0 0 a (J o- u- (j) ~E 0 w (f)r/l 0 (.9 0 
26 a413 Grainstone AP - - - 30 1 30 4 - - - - - - - 3 30 - - - - 1 - - - -
27 a414 Grainstone AP - - - 5 1 31 - <<1 <1 - - - - - <1 10 - - - 20 <1 - - - 30 
28 a415 Mud-Wack AP - - - 9 <<1 2 - <<1 - - - - - <<1 1 5 64 - - - <1 - - 1 15 
29 a416 Packstone AP - - 10 4 2 2 - - 2 - - - - - 1 4 24 1 - - <1 - - - 50 
30 a418 Grainstone AP - 2 - 1 16 5 - - 20 - - - - - 1 20 - - 1 11 18 - - 2 3 
31 a419 Grainstone AP - <<1 - 12 12 30 - - 1 - - - - - 2 10 - - - - 22 - - - 10 
32 a420 Grainstone AP - 2 - 10 2 20 - <<1 5 - - - 1 - 2 30 - 2 1 8 15 - - 1 -
33 a421 Grainstone AP - 2 - 9 1 34 - - 3 - - - 1 <<1 3 25 - - 1 5 15 - - - -
34 a423 Grain-Pack AP - 10 <<1 7 1 33 - - 5 - <1 - 2 - 2 15 8 - 1 7 4 - - 2 1 
35 L_Cl_424 Pack-Wack AP - <<1 <1 9 1 17 - - 3 - <1 - <1 - 2 3 47 - 1 4~ L___§_ - 1 <<1 
- ~ 
Footnotl's: 
<~414, a415-Extensive dissolution of skelet<~l grains infilled with crypto-crystalline silt and druzy spar. Extensive fine grained dedolomite. a416-Extensive dedolomite. 
a418, a419- Crypto-crystalline spar and syntaxial crinoid overgrowths. Dedolomite. a420-Aligned fabric. Spar syntaxial overgrowths, with non-isopachous equant spar developed in places .. 
a421-Aligncd graded fabric. Syntaxial, coarse druzy, and non-isopachous equant spar developed. a423.-Dedolomite. Crypto-crystalline silt/spar. Syntaxial overgrowths, and non-isopacho~ 
rim spar also present. a424-Dedolomite. Crypto-crystalline sill. 
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Log: Col du Spee 
Grid Ref: 09120 21183 
Sheet 1 of 1 
No. Sample Description Prep 
1 a196 Wack-Pack TS 
2 a198 Boundstone TS 
3 a199 Wack-Pack TS 
4 a200 Grain-Pack TS 
5 a201 Packstone TS 
6 a202 Grain-Pack TS 
7 a204 Grain-Pack TS 
8 a207 Grainstone TS 
9 a208 Dol-Mud TS 
10 a209 Wackstone TS 
11 a210 Dol-Pack TS 
12 a211 Grainstone TS 
Ql 
ro Ql 
ro 0> 
"iii Cl) Cl) 0> Ql 
~ u; > c 
Ql 
'6 ~ '0 Ql > Ql ... ::J 
0: CJ 0: iii 
- 2 27 3 
- - - 1 
<<1 - <<1 3 
- 3 <<1 10 
- - - 1 
- 1 <<1 22 
- - - 4 
- <1 - 5 
2 - 1 <1 
5 - 2 6 
- - <1 3 
-
.L - 13 
Cl) Cl) 
'0. Ql ... Cl) 
.2l 0 Ql 0. r. u; ·c: 0 Cl) 0. ro 0 E Cl) u Cl) :g .CI) (J 
-
(J 0 '0 ·u ro ::J ... ro 
·o ~ ... ro ro ... Qj :E ::J m ll.. 0 (.) a 0 
- 2 - - - - -
1 2 - 2 <<1 - -
3 8 - 2 - - -
1 22 - <<1 4 - -
3 25 - <<1 <1 - 4 
1 10 <<1 - 7 - -
1 35 - <<1 1 - -
2 25 - <<1 10 - -
2 - - - - - -
4 2 - 3 3 - -
3 8 - 1 2 - -
4 3 4 - 12 <~ -
(%)Modes 
Cl) O>ro ro ro Ql <II'- ... ... 
.0 :22 Ql Ql 
::J - -
-CI) 
c·- u'c '0:~ ro-..... ·- c Ql 2 ·- 0 E.E :e .E 
-
.0-E =E ·.: ou 
... 
·- ro ~ro .Q ro ro ·;:: u'O ~ .o ... (J '-0 ro ... ~£ 0. ~ ·- ::J o- u.E (/) ~E 
- - - 10 10 44 -
- - - <<1 4 30 -
<<1 - <<1 2 8 57 -
<<1 1 <1 2 17 7 -
<<1 - - - 9 10 -
- 1 - 1 24 4 1 
- - <<1 7 10 4 -
- - <<1 16 30 - 5 
- - - <<1 - - 10 
- <1 <<1 3 <1 30 5 
- - - 1 10 10 -
1 <<1 ' 1 20 - ---·---
Cl) 
E Cl) 
c Q; 
ro 
'0 Q)CI) 0 o.s? Cl) 0 N ~ c c:::l ro o.S:/ >- ... r. 
... 0 (J 0.0. 
m (.) w (j)CI) 
- - 2 -
- 57 <<1 -
<<1 10 2 -
10 20 1 
-
- - 43 -
<1 24 1 -
- 1 35 -
- - <<1 -
- - <<1 -
- 2 1 -
- - - -
13 13 13 -
Cl) 
Cl) 
'0 
'0 0 0 0. (J 0 ro ... 
... ..... 
-
Cl) 
Cl) ro 0 CJ 
- -
<<1 <1 
<1 -
- <<1 
<<1 -
- 1 
- -
- 4 
- <<1 
<1 2 
- -
- 1 
.2l 
.E 
0 
0 
0 
-
-
-
-
<1 
-
-
-
81 
28 
61 
-
;:t... 
:g 
(1:> 
;::: 
~ 
~· 
;:t... 
VI 
0 
VI 
Log: Combe de Bella Cha 
(%)Modes 
en en Ol(l) en Grid Ref: 09220 21090 Q) ~ en <0 <0 <0 "C Q) Q) <0'- .... .... E en 0 en en Q) 0> 0. Q) ':;) - .0 :2.2! 2 2 c .... en "C Sheet lof2 <0 en .c ·c: :I -en Q) '0 0 Q) 
-ro en c·- o'c 
'0 :s <O- <0 a> en 0> Q) 0 en 0. ell 0 - ._c Q) ·- 0 '0 0 0. 
-ro ':;) > :.c "C en u 2 :a·E :E ·e ~ 2 .0- 0 en 0 0>.!!1 0 e .E c: (ij en 0 E =E oo N c: c::::l ro Q) ii 0 ·o '0 ·o ell :I (ij iii '5 ell -ro '0 ell .... ·-ell .S:2ell .Q ell (3'0 o.~ .... ':;) 0 Q) :I > Qi ·o -ro .... ell ~ .a.._ > 0 .c ':;) 0 No. Sample Description Prep Q) .... co m .s a :I '-0 ell .... ~.E 0. ~ ·-:I .... 0 0.0. ell a: <!l a: a. 0 (.) 0 o- u.E CJl ~E ro (.) w (Jlen 0 <!l 0 
1 slla Grain-Pack TS - 10 - 10 5 15 - 3 - - <1 <1 7 - 18 23 5 - - - - - - <1 <1 
2 s11 b Grain-Pack TS - 8 - 6 6 9 - - - - - - 7 - 20 30 - - - - 7 - - - 1 
3 s12 Grain-Pack TS - - - 20 2 30 - - 2 - - - - - 10 20 7 - 2 - 7 - - - -
4 s13 Deb rite TS - 1 - 10 2 1 - 7 5 - 3 - - <1 12 - 40 - 1 - 14 1 1 - . 1 
5 s14 wack-Pack TS - - - 7 - - - 10 - <1 10 - - 1 - 20 30 - - - 2 15 - - 5 
6 s15 Grain-Pack TS - 2 <1 11 8 13 2 1 5 - - - 6 <1 6 13 5 - 6 1 18 - - 1 -
7 s16 Wack-Pack TS - - - 7 - 5 - 5 - - 4 - - <1 5 - 50 - <1 - 10 10 <1 - <1 
8 s17 Pack-Grain TS - - - 10 7 16 <1 5 <1 - <1 - - <1 16 5 20 - <1 - 9 6 <1 - -
9 s18 Pack-Grain TS - - - 5 4 23 - 5 - - 15 - <1 7 10 4 - - - 20 4 <1 - <1 
10 s19 Pack-Grain TS - - - 15 12 10 <1 5 10 - 6 - 8 - 7 5 5 - 5 - 10 - - <1 -
11 s20 Packstone TS - 1 - 10 5 3 2 2 11 - 1 1 3 - 5 - 16 - 18 7 5 2 - <1 -
12 s21 Grainstone TS - 1 - 10 5 14 1 - 10 - <1 - 7 1 2 10 2 - 7 - 30 - - <1 -
13 s22 Mud-Wack TS - - - 4 4 - - 4 - - 4 - - 1 3 - 72 - - - 4 4 - - -
14 s23 Packstone TS - - - 7 5 - - 20 - - 5 - - 7 2 - 36 - - - 7 - <1 - 10 
15 s24 Grain-Pack TS - 4 - 12 8 16 11 - <1 - <1 - - <1 8 12 4 - 5 <1 16 <1 - <1 -
16 s460 Pack-Grain TS - - - 8 - 6 - 8 - - 6 - - - 7 4 42 - - - 6 13 <1 - -
1 7 s461 Grainstone TS - - <<1 19 8 8 - 4 12 - - - 4 - 6 16 - - 6 - 16 - - <1 -
18 s462 Packstone TS - 1 - 7 7 10 10 4 8 - 3 - - <1 6 26 - - - 11 5 <1 - -
19 s571 Packstone TS - - - 4. 5 3 5 4 4 15 2 1 - - <1 - 37 1 2 - 13 1 - - -
20 s669a Packstone TS - 1 - 8 7 5 10 1 2 - 1 - - 1 13 11 28 - 3 1 5· 1 2 - -
21 s670a Packstone TS 1 - - 10 10 10 11 1 - 1 3 <1 - 1 10 5 20 - 3 - 10 - <1 <1 -
22 s672 Grainstone TS - 3 <<1 5 5 19 <1 - 5 - <<1 - 3 <1 10 14 - - 5 3 23 - - <1 -
23 s673a Grain-Pack TS - 3 1 9 10 10 <1 <1 4 - - - 5 <1 5 23 5 - 10 2 10 - - 1 -
24 s676 Calcarenite TS - - - 5 1 3 - 10 - - 30 - - <1 2 5 29 - - - 3 5 1 - 5 
25 s677 Packstone TS - - - 10 5 15 - 2 - - 3 - - 1 12 12 12 - - - 12 5 <1 - 10 
26 s678 Packstone TS - - - 7 5 7 - 10 - - 10 - - - 5 5 20 - 3 - 7 15 1 - 5 
- ·-
Footnotes: 
slla-Contains crypto-crystalline spar. s13-Debrite with wack-pack fabric. S14-Wackestone with crypto-crystalline spar infilling borings. s16-Heavily micro fractured by cracks with 
sub-parallel alignment. s21-Aiigned fabric. Drip stone spar. Syntaxial crinoid overgrowths. Silt grade micrite infill fenestrae. s23-Contains dedolomite. s676-Microcrystalline spar. A 
very small number of quartz grains exhibit undulose extinction. s676-Microcrystalline spar confined to infilling borings. 
:t. 
:g 
l'1:> 
~ ~· 
:t. 
U1 
0 
en 
(%)Modes 
Footnotes: 
s679-Spar restricted to syntaxial crinoid overgrowths. s680-Packstone with spar and dolomite restricted to infilling cracks. s681-Strong parallel micro-fracture pattern. s684-Spar 
predominantly syntaxial overgrowths and a very small amount of crypto-crystalline spar. Dedolomite present. s685-Spar restricted to crinoid syntaxial overgrowths. s705, s706-Iron 
staining of foraminifera. Dedolomite present. s707-High percentage of moldic porosity. s708-Spar predominantly crinoid syntaxial overgrowths. s727-Micrite mainly of silt grade. 
s727a&b-Samples across palaeokarst. s806-Calci-breccia with grainstone clasts in a quartz matrix. s809-Quartz-dolomite matrix with packstone intraclasts containing dripstone spar. 
s818-AI igned fabric. Dripstone spar. Meteoric spar. s849, s853-Meteoric vadose mozaic spar developed on inner surfaces of rudist which are then infilled with crypto-crystalline spar-silt. 
Chert alteration of rudist common. s850-Paleokarstic surface. 
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Log: Combe de Grand Cret 
Grid Ref: 09230 21110 
Sheet 1 of2 
No. Sample Description Prep 
1 s1 Grainstone TS 
2 s2 Wack-Pack TS 
3 s3 fNackestonE TS 
4 S4 fNackestonE TS 
5 s5 Pack-Grain TS 
6 s6 Packstone TS 
7 sa Packstone TS 
8 s9 Packstone TS 
9 s10 Grainstone TS 
10 s25 Grainstone TS 
11 s26 Grainstone TS 
.12 s27 Grainstone TS 
13 s28 Grainstone TS 
14 s29 Pack-Grain TS 
15 s30 Pack-Grain TS 
16 s31 Grainstone TS 
17 s32 Packstone TS 
18 s33 Packstone TS 
19 s124 Pack-Grain TS 
20 sl25 Pack-Grain TS 
21 s126 Grainstone TS 
22 s127 Grainstone TS 
23 s128 Grainstone TS 
24 s129 Packstone TS 
25 s130 Pack-Grain TS 
Cl> 
<ll Cl> Cl <ll (ij Cl 2 iii c Cl) 
Cl> ii "'C Cl> Cl> ... :::l 
ll: (.9 ll: 
<1 - -
- - -
- - -
- - -
- - -
- 1 -
- - -
- - -
- 5 -
- - -
- - <<1 
- - -
<1 - -
- <1 -
- <1 <<1 
- 3 -
- 4 -
- - -
- -
. -
- <1 -
- 5 -
- - -
- - -
- - -
- - -
Cl) Cl) 
"'C Cl> ... Cl) 2 0 Cl> 0. ':ij Cl) J::. ·c 
Cl> 0 0. <ll 
> :.c Cl) Cl) u 0 "'C Cl) u (ij u 
·a "'C ·u <ll :J 
> (I) ·a iii !::: <ll m eli a; a a.. 0 (.) E 
5 - 20 <1 <1 10 -
5 5 14 - 7 - -
2 2 - - - - -
7 7 - - - - -
15 5 30 - <1 - -
4 4 4 <1 - - -
6 4 10 <1 <1 - -
10 4 18 - <1 - -
12 2 4 - - 16 -
20 5 26 <1 - - <1 
7 7 30 - - - -
7 7 30 <1 - 8 -
8 8 32 10 ~ - -
5 5 35 - - - -
4 4 40 - 5 - -
13 5 17 5 3 5 -
10 7 7 13 - 4 -
15 3 15 3 3 4 -
15 3 30 3 3 - -
18 <1 20 3 - - -
12 5 12 5 - 15 -
8 7 20 - - <1 -
10 5 22 - - 5 -
5 5 10 - - - -
5 12 17 - - - -
(%)Modes . 
Cl) Cl>(ll <ll <ll 
Cl> <ll'- ... ... 
.0 "CCI> 
.2! .2! 
·--:J c:·- u·2 
"'C :5 
-
·- c: Cl> 2 :~n~ :E ·e - .~ E =E ... 
.Q <ll (ij u ... ·- <ll ..!:!<ll <ll 0 .o._ :J 3: '-O <ll'- ~~ 0. ~ 0 o- u.E (/) 
- - 7 <1 7 20 -
<1 - - <1 35 5 30 
<<1 7 - - - 10 55 
5 2 - <1 - - 42 
-
- - - - 5 20 10 
7 - - - 5 - 40 
5 - - <1 10 10 35 
<1 - - <1 7 7 30 
- - 7 - 10 17 5 
<<1 - - <<1 7 10 -
<1 - 2 <<1 3 13 -
- - - <1 7 24 -
<1 - <1 <1 8 15 -
- <1 - - 5 10 24 
<1 <1 <1 - 6 20 5 
<1 - 5 <1 10 16 -
1 - 4 <<1 4 6 15 
4 - - <1 15 - 30 
<<1 <1 - - 15 22 3 
- - <1 - 18 20 3 
<1 - 10 - 10 10 -
- - 5 - 10 10 -
- - 3 - 5 10 -
5 - 1 - 7 4 20 
3 <1 <1 <1 ,__]____ 12 14 
Cl) 
E Cl) 
c ... 
-Cil Cl> ro- <ll 
·- 0 "'C 
.o- 0 Cl) 0 ou N (I) (ij c: (3-c :.c >- 0 ·- :J ... u ~E Q) (.) UJ 
- 7 - 20 
- - - 7 
- <1 - -
- 8 10 7 
- - - 22 
- 10 10 15 
- - "t 12 
- - - 13 
- 7 - 15 
- 2 - 26 
- 2 <<1 30 
- 5 - 10 
- <1 - 10 
- - - 15 
- - - 7 
- <1 <1 13 
- 5 7 12 
- - - 7 
- - - 5 
- - - 15 
- 7 <1 7 
- 7 <1 30 
- 5 5 28 
- 5 <1 37 
- <1 - 25 
-· 
Cl) 
"'C Cl>CI) 0 0>.!!1 u 
c:::l <ll o.~ ... 
-a. a. Cl) (/)Cil 0 
- -
20 <1 
5 5 
10 -
- <1 
- <1 
4 <1 
4 5 
- -
- -
- -
- -
- <1 
- -
- 6 
- -
- -
- «1 
- -
- -
- -
- -
- -
- -
<1 -
Cl) 
"8 
0. 
0 
... 
-Cl) 
<ll 
(.9 
<1 
-
2 
-
<1 
-
-
-
-
-
<1 
<1 
-
-
-
<1 
<1 
-
-
-
-
<1 
<1 
-
-
2 
·e 
0 
0 
0 
-
-
10 
-
-
-
-
-
-
-
1 
-
-
-
-
-
-
-
-
-
-
-
1 
-
<1 
;:t... 
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~ 
~ 
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(%)Modes 
Log: Combe de Grand Cret 
r/1 r/1 r/1 Cllro ro ro r/1 Grid Ref: 09230 21110 Q) "0 ~ E ro r/1 Q) Q) ro .... .... .... r/1 r/1 r/1 Q) 0 Q) 
-
..c "CCII Q) Q) c: .... "0 ro Ol c. .s:: Ui ·c: :J ·-- - - -r/1 Q) Q) r/1 "0 8. 2 Sheet 2 of2 -ro r/1 c:·- u·c "0 :s ro- ro 0 Ol r/1 Q) 0 r/1 c. ro 0 
-
·- c: Q) 2 ·- 0 0 "0 Ol~ u .E ro Ui :E r/1 u 2 :a·E :a·E ..... ..c- r/1 0 0 c > "0 r/1 u E =E ·c ou N ro c: c::J ro ... 
N o.l Sam pie I Description~~ Q) :a -ro u ·cs "0 ·u ro :J ... .... ·- ro £~ .Q ro ro ·;:: lJ-o ro :E o.!::! .... Ui 0 ~ ~ > ro ·o ro .... ro ro ~ .c .... u >- ... Ui 0 :J cO Qi ~ :J .... o <~~o ::: a... c. ~ ·- :J ... 0 u a. c. ro ~ c:J CI: m 0.. 0 (.) a 0 o- (.) .... ~.e (/) ~E Cl) (.) w (/)r/1 0 c:J 0 
26 s131 Packstone TS - - - 9 20 20 - <1 - - 4 - - <1 5 - 20 - - - 20 - - - -
27 s132a Pack-Grain TS - - - 15 2 10 - 5 <1 - 10 - - - 11 15 5 - - - 15 10 - - 1 
28 s132b Pack-Grain TS - - - 15 2 10 - 5 - - 10 - - - 10 15 5 - - - 15 10 - - 2 
29 s133 Packstone TS - - - 10 10 10 - 4 - - 10 - - - 10 9 20 - - 15 1 - - 1 
30 s134 Packstone TS - - - 10 5 30 - 3 - - 10 - - <1 5 4 15 - - - 10 5 <1 - 1 
31 s135 Packstone TS - - - 7 - 20 - 3 - - 20 - - <1 6 10 15 - - - 5 15 <1 - 1 
32 s136 Grainstone TS <1 4 - 18 7 14 <1 - 7 - - - 2 - 5 14 - - 7 7 14 - - - -
33 sl37 Grainstone TS 3 3 - 20 1 10 2 - 3 - - << 1 2 1 5 20 <<1 - 4 2 20 - - 1 -
Footnotes. 
s4-Many skeletal fragments neomorphosed to cherts. s129-Spar only occurs as syntaxial overgrowths of echinid fragments. 
s132-Dolomite occurs along stylolytic pressure dissolution seams. s137-Grainstone containing silt grade micrite infilling cracks. sl31-Many skeletal fragments neomorphosed to. c_hert: 
s31-Contains authigenic feldspar 
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Lo g: Combe de Ia Grand Forclaz 
Grid Ref: 09245 21120 
Sheet lof2 
No. Sample Description Prep 
1 s330 Packstone TS 
2 s332 Grain-Pack TS 
3 s582 Dolomite AP 
4 s583 Pack-Wack AP 
5 s583a Wack-Pack AP 
6 s586 Wack-Pack AP 
7 s587 Mud-Wack AP 
8 s588 Grainstone AP 
9 s589 Mudstone AP 
10 s591 Grain-Pack AP 
11 s593 Pack-Grain AP 
12 s595 Packstone AP 
13 s597 Packstone TS 
14 s598a Wack-Pack AP 
15 s599 Grain-Pack AP 
16 s600 Pack-Grain AP 
17 s6b2 Grain-Pack AP 
18 s604 Pack-Grain AP 
19 s605 Grain-Pack AP 
20 s606 Grainstone AP 
21 s607 Packstone AP 
22 s608 Pack-Grain AP 
23 s609 Packstone TS 
24 s610 Pack-Grain TS 
25 s610b Packstone TS 
w 
ro Q) 
ro Ol 
Ol (ij U) iii (ij c 
w 'i5 "C Q) :J Q) ..... 
a: C) a: 
- <1 -
- 1 -
- - -
- - -
- 4 19 
- 2 18 
- <<1 17 
- - 10 
- - 2 
- - 10 
- - -
- 2 19 
- 3 15 
- 2 2 
- - <1 
- - 2 
- - 1 
- - 2 
- - 1 
- - 2 
- 1 -
- - -
- 2 3 
- - 1 
<<1 2 3 
U) U) 
"8 Q) ... U) w Q) c. ~ -U) r. ·c: 0 w c. ro 
:E U) 0 > "C U) U) u 0 (ij 0 
·o "C '(J ro :J 
> ro a; ·o (ij ... ro co ... - a co a.. 0 (.) .s 
6 7 30 - 1 1 -
16 16 19 <1 1 1 -
- - - - - - -
<1 <1 32 - - 1 -
1 1 3 - <1 1 -
5 1 4 - 1 2 -
3 1 1 - 1 - -
3 <1 45 - - 1 -
<1 - - - <1 - -
5 - 40 - 2 3 -
12 - 40 - 1 7 -
9 7 18 - 1 - -
10 5 7 - 2 2 -
5 . 1 23 - 1 1 -
7 7 36 - - 3 -
10 4 40 - 1 10 -
1 <1 62 - - 5 -
3 - 40 - <1 8 -
1 1 60 - <1 - -
8 4 40 - 1 3 -
5 3 50 - - 6 -
3 1 60 - <<1 - -
4 1 30 - <1 5 -
5 8 1 - - 1 -
9 9 8 - <<1 11 -
·-· 
(%)Modes 
U) mro ro ro Q) <tl'- ... ... 
.c :2.2! Q) Q) 
- -
:J c·- o'E 
"C :5 
-
,_c Q) U) 2 
-
E :§'E :e .E =E -... ·;:: ·;:: ro ... ·- ro ~ro .Q ro ro ~ .c ... 0 :J '-O <II'- ~.E c. ~ 0 o- u.E (/) 
2 - - - 3 4 7 
<1 - 1 - 5 9 9 
- - - - - - -
- -
- <<1 3 10 19 
- - <1 <<1 10 5 40 
<<1 - 2 1 3 5 49 
<<1 - - <<1 4 4 64 
<<1 - - <<1 1 30 5 
- - - <<1 - 3 92 
- - - - 3 11 32 
- - - - 3 20 15 
- - - <<1 3 10 30 
<1 - 6 - 3 9 30 
- - 8 <1 3 10 40 
<<1 - 1 1 6 19 15 
- - - - 3 23 4 
<<1 <<1 - - 3 17 3 
- - 4 - 4 20 15 
- - - - 2 25 3 
- - 1 - 9 26 <1 
<1 - 1 1 4 17 10 
<1 - - - <<1 20 10 
<1 - 1 <<1 12 6 29 
3 - 46 - 1 3 26 
3 - 14 <<1 2 5. 25 
U) 
E U) 
..... 
-UI c w ro- ro 
·- 0 "C 
.c- 0 
o.o N U) 0 
<tl (ij c 
o"C :E >- ..... 
·- :J .... 0 0 ~E co (.) w 
- <1 <1 35 
- 2 - 17 
- - - -
- <1 - 30 
- - 8 4 
- - - 1 
- - <1 <1 
- - - 1 
- - - -
- - - 1 
- - - 1 
- - - -
- - <<1 4 
- - - 1 
- - - 4 
1 - 1 -
- - - 5 
- - 2 -
- - - 6 
- - - 4 
- - - 1 
- - - 2 
1 - - 2 
- - - 3 
2 - 1 3 
w U) Ol~ 
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-
-
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U) 
U) 
"C 
"C 2 0 0 c. 0 .E 
ro 0 ... 0 ..... 
'iii 
- 0 U) ro 0 C) 0 
<1 - <1 
1 - -
- - 100 
1 - -
<1 1 -
1 1 4 
- 1 <1 
<<1 - 1 
- - -
- - -
1 - -
- 1 -
<<1 1 -
- - -
- - -
- 1 -
- - <<1 
- <<1 -
- - -
- <1 -
- - <1 
- - <1 
- - <1 
<<1 - <1 
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(%)Modes 
: Combe de Ia Grand Fordaz (/) (/) (/) (/) Ql(l! (I) (I) 
Grid Ref: 09245 21120 Q) "'0 Q) E (I) .... (/) Q) Q) ro .... .... .... (/) (/) (/) Q) 0 Q) .... J:J -a OJ Q) Q) c .... "'0 (I) Ol 0. .s:: iii ·c: :J ·-- - - -<ll Q) Q) (/) "'0 0 Q) Sheet 2of2 ro (/) (/) 0 c·- o'c "'0 :5 ro- (I) "'0 0 0. -Ol Q) (/) 0. (1j 0 .... · C 
.2l 
.2! ·- 0 0 Olj!! 0 .E iii :c (/) :~rE J:J- 0 0 ro c: > "'0 (/) (/) u 0 .... E :E .E =E ·~ oo N 
(/) 
c c::l (1j .... Q) ii ro 0 0 "'0 ·u (1j :J .... .... .5::!<1! .Q <II ·;:: (j-a (1j ro o.~ .... ..... 0 <II ·-<II :c 'C Q) > (1j ·o Iii .... <II ~ J:j._ 0 > .... .... (/) 0 No. Sample Description Pr~.J2 Q) .... :J m .... Qi .... a :J '-O <II .... ~2 ~ ·- :J .... 0 0 o.a. (/) <II a: <.9 a: m a. 0 (.) c 0 o- u£ (/) ~E m (.) w (J)<Il 0 <.9 0 
26 s611 Grainstone AP - 3 - 15 5 30 - - - - - - 5 - 15 20 - - - - 7 - - - -
27 s611 b Grainstone TS - 4 - 7 <1 20 - - 3 - - - 1 - 20 36 - - - - 7 - - <<1 -
28 s612 Wack-Pack AP - - 1 11 11 10 - <<1 <1 - <1 - 1 - 3 10 36 - - 10 3 - - - <1 
29 s614 Grainstone AP - - - 2 <1 66 - - 1 - - - 1 - 3 20 - - - - 5 . <<1 . . 
30 s615 Grainstone AP - - - 2 <1 68 . - 1 - - - . . 2 22 . . . - 6 . . - . 
31 s617 Grainstone AP - - - 5 5 49 . - 7 . - . . <<1 2 25 . . . . 6 . - . . 
32 s619 Qtz.-Dol. AP - . . . . 1 . . . . 15 - . . . . 1 . . . . . - . 83 
33 s620 Grain-Pack AP - - <1 4 4 45 - - 1 - 5 - <<1 1 3 59 . - - - 5 - . - <1 
34 s622 Qtz.-Dol. AP . . . - - . . . . . 35 . . - . - . - - . . - - . 65 
35 s624b Grainstone TS . <1 . 3 3 55 . <1 1 <<1 <1 . 1 1 3 21 2 . . - 2 - <<1 . 3 
36 s625a Grainstone AP . <<1 . 10 <1 50 . 1 1 - 10 - . . 4 17 - . . - 6 - . - <1 I 
37 s625b Grainstone AP - 1 - 7 1 35 . 1 1 . 30 - 1 . 8 10 - . . . 4 . - . 1 
38 a756 Packstone AP - . - 5 5 10 - . . - - - - . - 33 20 . <1 <1 25 . - . -
39 a757 Wackestone AP - . . - . 10 - - . . . . - . - 15 74 . . . <1 - - . . 
Footnotes: 
s583, s586 Moldic porosity. s588-Grainstone with mud infilling rudist shells. s589-Mudstone with spar infilling cracks. s591, s595-Silt grade micrite partially infill fenestrae. 
s600-Micrite crypto-crystalline. s-602-Contains dedolomite. s606-Fenestrae in places partially infilled with silt. s607-Quartz and dolomite concent~ted along pressure dissolution 
seams. s610-Contains dedolomite. s612-Contains silt. s619, s620-Samples across palaeokarst. s624b, s625-Extensive iron staining of grains and of silt infilling cracks. 
s583, s586, s588, s591, s593, s595, 598, s599, s600, s602, s604, s605, s606, s607, s608,s610, s611, s612, s614, s615, s617, s620, s642a&b, s625-Contain meteoric spar. 
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Log: Combe de Paccaly 
rn rn 
Grid Ref: 09235 21107 Q) '0 Q) ell .... ~ Q) 0 Q) rn 
ro Ol Q. s:::. Ui ·c: Sheet lof2 (ij rn rn Ol Q) 0 Q. ro (ij - > :.c rn rn 0 0 rn c rn '0 rn 0 
-Q) :0 (ij 0 '(5 '0 ·u ell ::J .... '0 Q) > ro ·o (ij .... ro ell Q) .... ::J .... Qj c ::J No. Sample Description Prep a: (!) a: m Ill a.. 0 0 a (J 
1 s34 Grain-Pack TS - <<1 - 17 8 7 1 3 7 - -
2 s35 Grainstone TS <1 1 <1 14 6 6 4 - 11 <<1 <<1 
3 s36 Packstone TS <1 3 - 7 8 15 2 1 5 - 2 
4 s37 talc-arenite TS - - - 1 1 1 - - 2 - 63 
5 s38 WackestonE TS - 3 6 5 <<1 7 - <<1 2 - -
6 s161 Grain-Pack TS - - - 15 7 15 1 - 4 - <<1 
7 sl62 Grainstone TS - <<1 - 12 3 35 - <1 - - <1 
8 sl63 Grain-Pack TS - - - 7 3 21 3 2 6 - 1 
9 s164 Packstone TS - <<1 - 4 4 14 5 2 1 - <1 
10 s165 Packstone TS - - - 4 4 14 1 1 1 - 1 
11 s166 Wack-Mud TS - - - <1 <1 - - 4 - - 1 
V1 12 s167 Wackestone TS - - - 1 7 1 - 4 - - 4 
13 s168 WackestonE TS - - - <1 5 1 <1 <1 - <1 10 
14 s169 wackestonE TS - - - <1 4 - - <<1 - - 17 
15 s170 Packstone TS - - - 5 5 22 - 1 5 - <<1 
16 s17l Deb rite TS - - - 6 7 12 - 1 2 - 1 
17 s172 Framestone TS - - - 3 1 1 - 2 - - -
18 s173 Deb rite TS <1 - - 5 5 5 <<1 3 - - 1 
19 s174 Packstone TS - - - <1 <1 37 - 7 - - -
20 s175 Packstone TS - - - <<1 <1 30 - 4 - - 2 
21 s176 Packstone TS - - - <<1 1 3 - 5 - - 3 
22 s177 Packstone TS - - - 5 2 18 - 10 - - 1 
23 s178 Packstone TS - - - 10 3 30 - <1 - - -
24 s179 Packstone TS - - - 4 4 15 - <1 - - 2 
25 s180 Packston~ TS - - - 5 <1 30 - 2 - - 2 
-·-
·(%)Modes 
(!)ell rn ell ell Q) ell'- .... .... rn 
.c uQJ 
.2! Q) 
·-- -
-rn c 
::J c·- o'c u:5 ro- ell 
-
,_c Q) 
·- 0 2'E :e .E .... ~ .c- 0 E =E ·;:: ou N 
.... 
·- ro ~ro .2 ro ro ·;:: t>u ell ~ .c ... 0 > '-0 ell .... ~2 Q. ~ ·- ::J .... o- o.£ C/) :::;!E Ill 
- <<1 <<1 8 17 3 - 4 
- 3 <1 4 24 - - 4 
<<1 5 1 5 10 27 - 1 
- - - 1 18 10 - <<1 
- 5 - 10 3 54 <<1 -
- 3 - 6 20 5 3 3 
- - - 5 10 - - 2 
- <<1 <1 5 20 1 - 3 
<<1 <1 <<1 10 10 22 - <<1 
- <1 <, 1 10 10 26 - <1 
- - <<1 2 - 80 - -
<<1 - 1 2 2 69 - <<1 
- - <1 2 8 57 - -
- - <<1 2 - 63 - -
- - <<1 7 12 25 - -
- - <<1 9 - 46 - 2 
- - 1 <1 3 37 1 -
- - 1 7 <1 37 - 6 
- - <1 1 10 15 - -
- - 1 2 10 29 - -
- - 1 2 9 45 - -
- - 1 2 5 20 - -
- - - <1 8 16 - -
<1 - 1 5 - 31 - -
- - - 3 5 16 - -
rn 
E 
.... 
<I) 
Q) 
Q) ~ '0 '0 0 
rn 0 Ol- 0 
(ij c c ::J ell :.c o.~ .... 0 .... 0 a. a. <I) 0 w C/)C/l 0 
<1 20 - -
4 15 - -
3 2 - -
- 1 <<1 -
- <1 - -
2 18 - -
<<1 30 - -
1 25 - -
- 22 - -
- 25 - -
- 4 5 1 
- 5 - 1 
- 7 - 5 
- 7 <<1 3 
<<1 12 - -
1 8 1 3 
40 2 3 <1 
5 20 1 5 
- 13 7 2 
- 3 6 1 
- 8 9 1 
- 25 1 <1 
1 30 - -
- 16 <1 -
- 16 3 1 
rn 
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Log: Combe de Paccaly 
·(%)Modes 
IJ) IJ) OJ (II IJ) Grid Ref: 09235 21107 Q) "0 ~ IJ) <II <II E <II IJ) Q) Q) <II'- ... (i; IJ) IJ) Q) Ol 0 Q) 
- -
.c "OOJ ~ -IJ) c ... IJ) "0 <II a. .r:. ·c: --- - Q) "0 0 .2! Sheet 2 of2 Ol iii IJ) IJ) 0 a. IJ) :I c·- u'c "0:5 <~~- <II "0 IJ) 0 a. Q) IJ) <II 0 -
__ c 
.Q) 
·- 0 0 Q)QJ .E iii Cii > :c IJ) 0 .!!l :~n~ ~-E - .2! .c- IJ) 0 o- u 0 c "0 IJ) u E =E ·;:: ou N c c:::l <II ... Q) :0 iii u ·o "0 '[) <II :I ... ... ·-<II ~<II .Q <II ·;::: u"O <II iii o.!:/ ... Cii 0 "0 Q) > <II ·o iii ... <II <II 0 .c._ <II u >- .... ·.c Cii 0 No. Sample Description Prep Q) .... :I ill .... Qj £ a :I 3: '-0 <II .... ~.£ a. ~ ·-:I ro 0 u a. a. (I) cr: (.9 cr: co a.. 0 (.) a o- u.E en ~E (.) w CfJIJl 0 (.9 0 
26 s181 Packstone TS - - - <1 3 28 - 1 - - 1 1 - - 3 2 14 - - - 15 2 1 - 28 
27 s718b Wack-Pack TS - - - 10 6 15 3 2 4 - 1 - - - 10 6 29 - - - 10 3 <1 - -
28 s719 Packstone TS - - - 2 5 10 <<1 6 1 - 3 <<1 <<1 <<1 10 2 25 - <<1 - 15 12 2 - <<1 
29 s720 Packstone TS - - - 4 9 15 <1 1 1 - 5 <<1 - <<1 5 <1 30 - 6 2 15 2 <1 - -
30 s722 Calcarenite TS - - - <1 <1 2 - <1 - - 40 - - - <1 - 15 - - - 1 - 1 - 37 
31 s723b Packstone TS - - - 7 10 3 1 1 8 - 7 1 - - 1 - 15 - 12 12 1 3 <1 <1 8 
32 a1039 Deb rite AP - - - 5 5 20 1 - 10 - <<1 - - - 5 2 10 <1 -~1- 2 1 - - 36 
-· --~ - -·--- . ···- 1-- ---33 a1045 Pack-Grain AP - - 5 25 1 1 2 - 2 <1 - 1 10 10 11 2 10 4 - 10 
34 a1046 Grain-Pack AP - - - 14 14 14 1 1 <1 - 1 - - <1 2 17 5 - 1 <1 20 <<1 - <1 5 
35 a1049 Pack-Grain AP - - - 15 14 30 - - - - - - - - 2 5 10 - 1 - 18 - - - 5 
36 a1050 Grainstone AP - <1 - 16 14 24 2 - 5 - <<1 <<1 - <1 1 15 - - <1 - 20 - - 1 -
37 a1052 Grainstone AP - <1 <1 20 5 20 - - 5 - - - <1 - 1 15 - - 5 5 20 - - - 1 
38 a1055 Dol-Pack AP - <1 - 3 3 5 <1 - 1 - - - - - <1 2 9 - 5 24 1 3 1 - 40 
39 a1056 Dolomite AP - - - 2 2 2 1 1 3 - - - - - 1 2 5 - 5 - - - - - 75 
40 a1057 Dolomite AP - - - 1 1 1 - - - - - - - - 1 - 5 - 1 1 - - - - 89 
Footnotes: 
s161-Grainstone with silt grade micrite infilling fenestrae. s163, s164, s165-Trough cross bedded in outcrop. s164, s165-Packstone with cracks in places infilled with silt grade micrite. 
Spar dominantly crinoid syntaxial overgrowths. s168-AII spar crypto-crystalline. 171- Debrite with pack-wack fabric. s172-Corals extensively dolomitized. 
s173-Debrite with packstone fabric. s175-Contains dedolomite and dissolution fenestrae. s176, s177-Contain dedolomite. s178, s179, s180, s181-Dedolomite present. Spar mainly 
crinoid syntaxial overgrowths. Compaction as evidenced by stylolytic pressure dissolution seams in more micrite rich areas. Extensively bored. Skeietal content coarsens upwards s178>181. 
s722-High quartz content, carbonate contents extensively replaced by dedolomite. a1039-Debrite with packstone fabric and extensive dolomitization between clasts. 
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Log: Combe N. of Pointe Percee 
Grid Ref: 09270 21169 
Sheet lof 1 
(%)Modes 
;l:.. 
:g 
~ 
~~~~-----~---·.···--·.·1 -1 I I 1·_-l_-l_-_l_l·l I 1~1 1 __ 1·1~1-1·=1 1_1 __ 1_1_1·1·1-1 I~ 
Footnotes: 
s542-Green algae include charophytes. s542a&b, s543, s544, Cross bedded in outcrop. Display aligned skeletal micro fabric with alternating echinid and peloid rich lamellae. Sparite 
includes syntaxial crinoid plate overgrowths, meteoric spar including dripstone spar. s546-Spar dominantly echinid syntaxial overgrowths with meteoricdripstone spar also developed. 
s549-Quartz grains exhibit undulose extinction. sSSO-Syntaxial overgrowths and meteoric spar. s551-Marine and meteoric spar plus dripstone spar. s552, s553, s554- Aligned fabric. 
s554-Dedolomite. s556a-Moldic porosity, dedolomite in places infilling cracks. s556b-Corals partially replaced by a fine mozaic of silt grade dedolomite. Moldic porosity, cracks and 
meteoric spar. s558-Contains dedolomite. s559, s560, s561, s562-Moldic porosity, meteoric spar and dedolomite developed. s563a-Wackestone with fenestrae infilled with s563b-
grainstone. s564, s565-Silt grade micrite partially infilling moldic porosity, meteoric spar and dedolomite present. s565a-Rudists partially replaced by dedolomite, silt partially infills 
moldic porosity. 
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;l:.. 
Log: Combe de Tardevant 
<I) <I) 
Grid Ref: 09240 21112 Q) "0 ~ Q) ro 0 Q) <I) QJ Ol a. -;;; -Sheet lof 1 ro 
-ro <I) <I) 0 
.s::; 
·c: Ol Q) <I) a. (1j 8 -ro -;;; > <I) u <I) c .s::; "0 <I) 
-ii -ro u '(5 '(j :::J ..... Q) '0 (1j (1j "0 Q) > (1j ·cs 
-ro ..... (1j Q) ..... :::J Ci:i Qi - :::J No. Sample Description Prep a: (9 a: ro a.. 0 u ..!: a 0 
1 s61 Grainstone TS <<1 - <<1 15 4 14 <1 - 7 - -
2 s62 Packstone TS - <1 - 10 5 5 10 1 - - 1 
3 s63 Grain-Pack TS - <1 1 19 7 6 4 <<1 1 - -
4 s64 Deb rite TS - <1 2 8 4 4 3 <<1 5 - 1 
5 s66 Grainstone TS - <1 <<1 7 <<1 12 4 <<1 4 - <<1 
6 s67 wackestone TS - - - 9 9 9 - <1 - - 1 
U1 
7 s68 Packstone TS - - - 1 1 31 - 1 - - <<1 ~ 
8 s69 Packstone TS 1 1 1 7 7 13 1 <1 10 - <<1 
9 s361 Packstone TS - - <<1 7 7 10 1 4 4 - 2 
10 s532 Packstone TS - 1 - 1 9 7 - - 10 1 7 
Footnotes: 
s64-Debrite with wack-pack fabric. s69-Micrite in places silt grade (crypto-crystalline). 
(%)Modes 
OJ(Ij (1j <I) (1j 
Q) ro .... ..... ..... 
.0 :22 Q) Q) 
- -
-<I) 
:::J c·- u'c 
"0 :s «l-
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,_c QJ 
·- 0 
:a·E ~·E 
-
.2! .0-E =E ·;::: ou 
'b 0 ·- (1j ~«l .Q (1j (1j (3-o .c._ 
5: "-O (1j ..... ~.E a. ~ ·- :::J o- u.E (/) :::2E 
- 5 <<1 15 9 - -
- - 1 9 7 29 -
- <<1 - 7 33 7 -
<<1 1 <<1 2 7 47 -
- <<1 1 9 55 - -
- - <1 10 7 33 -
- - «1 5 3 14 -
- - 1 5 1 35 -
<<1 1 - 10 5 20 -
<1 8 <1 4 - 20 -
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..... c Q) (1j 
"0 QJ<I) 0 Ol~ <I) 0 N 
-ro c c:::J (1j :.c o.S! > ..... 
Ci:i 0 u a. a. u w C/)1/l 
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Log: Combe de la Torchere 
(%)Modes 
(/) (/) (/) Q)<U <U <U (/) Grid Ref: 09220 21075 Q) '0 Q) E (/) .... ~ Q) «<'- .... .... (/) 0.> <U 0 Q) (/) .0 't:)Q) 0.> Q) c: .... (/) '0 (lj Ol Q. .c Vi 'E ·-- - - -(/) Q) '0 0 Sheet lof 1 ro (/) :I c:·- o·c '0:5 «~- <U Q)l(l 0 Q. Ol (/) 0.> 0 (/) Q. <U 0 
-
C Q) ~ ·- 0 0 '0 0 ro (i) > :r: (/) 0 2 :a·e :;:: .E - .o- (/) 0 OJ- 0 c: '0 (/) 0 E =E ·;:;:: o.o N ro c: c:::l <U .... 0.> :0 -ro 0 'a "0 '(3 <U :I .... £<U .Q <U .... u'C <U o.!:! .... -<U .... ·- <U a '.E '0 ~ <U ·a -ro .... <U ~ .o ... 0 >- .... - (/) 0.> :I > ..... 03 .:s :I '-0 <U .... ~.E ~ ·-:I d5 0 0 C.Cl. (/) <U No. Sample Description Prep a: (9 a: m m a.. 0 (.) (3 0 o- u.E (/) ~E (.) w (/)(/) 0 (.'J 
1 s628a Grainstone TS - 5 4 3 3 10 - 4 10 - 1 - 6 - 12 40 <1 - - <1 <1 - <1 -
2 · S628b Mudstone TS - - - 1 1 - - 1 - - - - - - 1 1 94 - - - - - 1 -
3 s630 From-Grain TS - 1 - 28 <1 1 - - 3 - <1 - - - - 20 1 - - 40 2 - - -
4 s631a Deb rite TS - - - 7 7 15 - 1 8 - 2 - - - 17 16 9 - - <<1 18 <1 - -
5 s632a Debrite TS - <1 - 8 10 18 <<1 1 5 - 2 - - - 7 17 10 - - 1 19 <1 - -
6 s633 Debrite TS 1 1 - 2 15 1 - 3 1 - 1 2 1 - 1 - 50 - <<1 10 10 1 <1 -
7 s634 From-Pack TS - - 1 2 12 1 - 1 2 - 5 1 - - - - 12 - 8 29 5 1 <1 -
8 s635 From-Wack TS - - <<1 9 9 <<1 - <<1 - - 3 - - - <<1 - 35 - 2 25 3 - - 1 
9 s636 Framestone TS 1 - <<1 7 7 <<1 - <<1 - - <1 - - - - - 27 - 5 33 7 - 1 1 
10 s752 Framestone TS - . - 2 . - . 3 5 - <1 - - <<1 <<1 1 40 - - 39 <<1 <1 <<1 -
11 s753 Pack-Grain TS - - - 20 5 3 <1 <<1 - . 1 <<1 - <<1 10 10 42 - - - 4 <1 - 1 
12 s756 Grain-Pack TS - 5 <1 9 5 10 - - 8 - - - 4 <<1 4 15 5 - 7 5 20 - - 1 
13 s761 Grain-Pack TS - - - 5 2 24 - - 1 - 7 - - - 10 16 6 - - - 28 - - -
14 s762b Framestone TS 1 - - 2 2 <1 - 3 - - . - - <<1 <1 - 20 - - 70 <1 <<1 1 -
15 s765 Deb rite TS - - - 3 2 1 <<1 2 2 - 2 - - 1 4 4 58 - <<1 1 14 1 3 -
16 s766a Deb rite TS - . - 3 3 5 - 5 - - 1 - - 1 5 - 65 - <<1 - 8 2 1 -
17 s767a Deb rite TS . - - 3 3 5 - 5 - - 1 - - 1 5. - 65 - <<1 - 8 2 1 -
18 s799 Packstone TS - 1 - 15 5 12 - 3 - - 1 - - 1 7 7 17 - - - 10 15 4 1 
19 saoo Packstone TS . 1 5 10 2 2 <<1 2 - - 2 - - - 1 - 30 - - 31 5 1 1 1 
20 s801 Packstone TS - . - 1 1 30 - 5 - - <1 - - - <<1 10 12 - - - 8 30 1 -
21 s803 Framestone TS - - - 1 2 2 - 2 - - 1 - - - - - 25 - 1 10 2 50 1 . 
22 s631b Debrite TS - . . <1 14 10 <1 <1 10 - 14 - - - 8 - 18 - <<1 - 20 1 2 -
23 s632b Debrlte TS - 4 . 15 3 9 <<1 <1 5 - - - - 1 1 8 9 5 6 18 9 <1 - 5 
24 s766b Deb rite TS - 1 - 2 5 10 - 10 - - 1 <1 - <<1 12 8 18 - - - 15 12 3 -
25 s767b Deb rite TS . 1 - 2 5 10 - 10 - - 1 <1 - <<1 12 8 18 - - - 15 12 3 -
26 s798 Packstone TS <1 3 - 21 3 10 <<1 3 4 - <1 - - 1 3 2 20 - - - 17 7 <1 <1 
Footnotes: 
s628-Hardground contact (a) underlying grainstone, (b) overlying mudstone with birds eye fenestrae. s631-Debrite with (a) packstone clasts, (b) arenitic-wackestone matrix. 
s632-Debrite with (a) packstone matrix, (b) pack-framestone clasts. s633-Debrite with wackestone fabric. s765-Debrite with wack-pack fabric. 
s766-Debrite with (a) wackestone matrix, (b) packstone clasts. s767-Debrite (a) wackestone matrix, (b) packstone clasts. s630- Contains dedolomite 
s633- Contains dedolomite and authigenic feldspar. s636-Contains dedolomite. Authegenic feldspar present concentrated in iron stained micrite/silt. 
s800-Contnins dedolomite. Authegenic feldspar present concentrated in iron stained micrite/silt. 
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Log: Le Creuse (/) (/) (/) Cllro «< Grid Ref: 09213 21067 Ql "0 !!! «< Ql Ql «<'- ... Ql 0 Ql (/) D "CCI> Ql 
«< 0> Q. - - ·-- -Sheet lof2 0> (U (/) (/) 0 
_c 
"' 
'2 :::1 c·- u'2 
-:n 
Q) (/) Q. «< 0 
-
·- c (U > :.c .l:2 ~i'e :e ·e c "0 
"' 
(/) (3 u E Q) (U u ·a "0 '<:) «< :::1 ... I "0 ... ·-ro ~«< '0 Q) > ~ ·c; ... «< «< ~ ,D._ Q) ::J iii (U ::J «< ... No. Sample Description Prep (9 iii £ a '-0 0: 0: (l) a.. 0 0 0 o- o.E 
1 s522 WackestonE AP - - - 6 - 1 - 5 - - 4 <<1 - 1 
2 s529 Dolomite AP - - - - - - - - - - - - - -
3 a698 Grain-Pack AP - - - 20 3 34 <1 - - - <1 - - -
4 s731 Grain-Pack AP - - - 1 1 60 - 1 - - 1 - - <<1 
5 s732 Grainstone AP - - - 3 3 40 - <1 3 - <1 - - <<1 
6 s733 Grainstone AP - - - 35 6 21 - <1 <1 - - <1 - -
7 s737 Grain-Pack AP - - <<1 11 10 30 - - <1 - - <1 - <<1 
8 s738 Grainstone AP - - - 3 3 38 - <1 - - - - - -
9 s739 Grainstone AP - - 5 14 12 23 - <1 - - - - - -
10 s740a Grainstone TS - <1 6 9 10 6 4 - 4 - <<1 - <1 -
11 s740b Grainstone AP - <1 6 9 9 6 4 - 4 - <<1 - <1 -
V1 
..... 12 s742 Pack-Wack AP - - 6 2 2 36 - <1 - - - - - -
0'1 13 s743 Dolomite AP - - - - - - - - - - - - - -
14 s745 Grain-Pack TS - <1 - 2 1 21 - 4 <1 - 7 <<1 - 1 
15 6959 Grain-Pack TS - <1 - 2 1 20 - 7 1 - 10 - - 1 
16 a960 Packstone TS - 3 - 12 1 25 2 2 2 - 5 1 - 1 
17 a961 Grain-Pack AP - <1 - 10 1 35 - - - - <<1 - - -
18 a962 Grain-Pack AP - 1 - 1 1 40 - 1 - - <1 - - -
19 a964 Grain-Pack AP - - - 3 1 38 - <1 - - 2 - - -
20 a965 Grainstone TS - 2 - 12 9 20 - <1 7 - 2 <1 - 1 
21 a966 Grainstone AP - - - 1 - 37 - <1 - - 3 - - -
22 a968 Grainstone TS - 1 <<1 11 11 12 - <1 5 - - 1 - -
23 a972 Nackestone AP - 1 4 5 <1 1 - 2 - - - - - -
24 a973 Wack-Pack TS - 1 15 3 1 1 - 1 - - - - - -
25 a974 Grain-Pack AP - <1 - 19 2 30 <1 <1 - - - - - -...;..;_~ -~----- --- - ------- ----
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-<ll c 
"0:5 
«~- «< Q) 
.s ·- 0 0 
-
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=E ou N 
.Q «< ·;:::: ·;:::: «< «< u"O u >-~.8 Q. ·- :::1 ~ m (/) ~E 
1 20 52 - -
- - - - -
- 20 2 - -
1 5 2 - -
<1 18 - - 1 
- 23 - - -
- 17 1 - 2 
- 10 3 - 1 
<<1 10 - - 1 
1 20 - - 2 
1 20 - - 2 
2 9 38 - -
- - - -
-
12 9 5 - -
10 20 5 - <1 
5 12 7 - -
- 15 1 - -
1 12 1 - -
1 10 5 - -
4 16 - - 1 
- 20 - - -
2 20 <1 3 <1 
3 5 77 - -
5 - 70 - -
- 30 2 - -
(/) 
E 
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'8 Q) "' Ol.91 (/) 
(U c c :::1 :.c o.!d 0 Q.Q. u 0 w (/)Cil 
- 4 4 
- - -
4 15 -
- 26 -
- 26 -
- 10 -
4 20 -
- 40 -
20 12 -
28 8 -
27 8 -
- 1 -
- - -
- 34 -
- 20 -
15 6 -
1 35 -
- 40 -
- 38 -
12 lb -
- 37 -
23 5 -
- <1 -
- 1 
-
- 15 -
----
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<<1 1 1 
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- 1 1 
- 1 1 
- 1 2 
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- 1 -
1 - 1 
- - 1 
- - 1 
- 1 1 
- - 1 
- <1 -
- 1 -
- 1 1 
- - -
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Log: Le Creuse 
1/) 1/) 1/) Q)(l;l (1;1 (1;1 1/) Grid Ref: 09213 21067 Q) "C Q) E 1/) (1;1 .... 1/) Q) Q) (l;llo.. .... ... 1/) Q) 0 Q) 
.0 "CQ) Q) Q) .... 1/) "C Ol 0. 
- - ·-- - -
-til c Q) "C 0 Sheet 2 of2 (1;1 '@ 1/) .t::. 1/) ·c: ::I c·- o'c 
"C :5 (1;1- (1;1 Q)~ 0 Ol 1/) Q) 0 1/) 0. (1;1 0 - ,_c Q) ·- 0 0 "C 0. 
'@ (ij > :c 1/) u .l2 2'E := .E .... .2l .o- 1/) 0 O>- 0 0 c "C 1/) 0 E =E ·;:: o.o N '@ c c:J (1;1 .... Q) i5 '@ 0 ·cs "C u (1;1 ::I .... .... ·-(1;1 ..!:!(1;1 .Q <II <II ·;:: u"C <II :c o.~ .... -"C Q) > <II ·cs '@ .... <II (1;1 ~ .o .... 0 ~ 0 - 1/) Q) .... ::I .... Qj - ::I "-0 <II"- ~~ 0. ~ ·-::I 0 a. c. 1/) <II No. Sample Description Prep a: (!l a: iii m a.. 0 () .E a 0 o- o.E (j) ~E m () w (j)tll 0 (!l 
-· --. 
26 a975 Mudstone AP - - - 1 - - - - - - - - - - - 5 94 - - - - - - -
27 a978 Pack-Grain AP - - 4 2 2 28 - 3 - - - - 1 - 5 13 30 - - - 10 - <1 -
28 a979 Wack-Grair TS - 1 30 1 9 4 - 1 - - <1 <<1 <1 <1 5 5 40 - - - 1 - <1 -
29 a981 Wack-Grair AP - 1 2 1 1 40 - 2 6 - 2 - 1 <1 7 15 16 2 - - 1 - 1 -
30 a981b Packstone AP - - 5 2 2 20 - 1 1 - <<1 - - - 4 9 7 40 - 5 1 - <1 -
31 a983 Packstone AP - - - 3 3 34 - 1 5 - - - <1 - 4 10 26 10 - - 3 - - -
32 a985 Grainstone AP - 1 - 5 5 47 - 2 1 - - - <1 <<1 5 30 - - - - 1 - 1 1 
33 a986 Pack-Grain AP - - - 2 2 31 - 1 - - - - 1 - 6 10 10 - - - 7 - - -
34 a991 Grain-Pack AP - - 6 1 1 50 - 1 6 - - - <1 - <<1 20 5 4 - - 4 - - -
35 a992 Grain-Pack AP - - 3 3 3 50 - <<1 3 - - - <1 - 4 25 3 - - - 2 - - 2 
36 a994 Grain-Pack AP - 1 10 10 4 23 - - - - - - <1 - 8 25 10 - - - 3 - - -
37 a995a Pack-G·rain AP - - - 4 5 35 - <1 <1 - <1 - 1 - 4 15 25 3 - - 2 - - 1 
38 a995b Pack-Grain AP - <1 10 5 <<1 23 - <1 6 - <1 - 1 - 10 15 17 5 - - 4 - - -
39 a969 Grainstone AP - - - 20 - 30 - - - - <1 - - - - 23 - - - - 25 - - -
40 S9999 Grain-Pack TS 2 5 5 8 3 10 - - 5 - - - 1 <<1 4 42 2 5 - - 2 - - -
Footnotes: 
General note-Meteoric spar is present in all samples containing spar except s522. Dominant fabric is grainstone with very small amounts of micrite which is mostly of silt grade (crypto-
crystalline) and can be difficult to differentiate from spar on acetate peels. Crinoids in all cases display well developed syntaxial overgrowths often with reticulate outlines. 
s522-Wackestone with borings in filled with crypto-crystalline spar. a698-Contains dripstone spar. s732-Contains meniscus spar. s740a&b-Contains dripstone spar. 
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s745-Silt grade micrite. a960-Silt grade micrite infills cracks and dissolution fenestrae. Contains dedolomite. a961-Contains silt grade micrite. a965-Contains dedolomite. 
s972, s973-Moldic porosity partially infilled with silt grade micrite. s973-Contains dedolomite. s979-Wackestone matrix with bmings infilled with biopelsparite and silt grade micrite. 
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Footnotes: 
a21-Spar mainly restricted to late burial fractures. a721-Angular breccias of packstone -grainstone (up to several centimetres in size) in a quarts-glauconite matrix. a730-Chert alteration 
of some skeletal grains. a731-Crypto-crystalline spar and syntaxial overgrowths. a739-Micritic oncolitc coatings of heavily eroded skeletal grains. a740-Dolomite selectively replaces 
echinids. Fenestrae infilled with coarse druzy spar. a741-Coarse druzy spar mosaic. s745-Micrite crypto-crystalline. s744-Charophyte green algae. a745-Crypto-Crystalline spar. 
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Log: Pic de Jallouvre Cl) Cl) Cl) Q)<l:l <1:1 <1:1 Cl) 
Grid Ref: 09191 21190 
Q) 
"0 Q) E <1:1 .... Q) Q) <I:!"- .... ... Cl) Q) 0 Q) (/) 
.0 :2.2? Q) Q) .... Cl) ~ .... - c <1:1 a. .r:. ·r: - - -CI) Q) "0 Sheet 1 of 1 0> Cl) Cl) 0 Cl) :::1 c·- u'2 "0 :5; <~:~- <1:1 Q)CI) 0 <1:1 Q) a. <1:1 .... ·- c Q) ·- 0 "0 (ii v; > :2 Cl) Cl) 0 0 Cl) :~n~ :e .E .... .~ .o- 0 Cl) 0 0>..9:! u c "0 Cl) u .... E =E ou N ~ (ii u '(3 .... ·c (ii c c:::! 
"0 Q) "0 ·a "0 <1:1 :::1 <1:1 ... ·- <1:1 ..!:?<~:~ .Q <1:1 <1:1 u o"' ell :2 o.S:! ~ :::1 > ell Qi ·a (ii .... <1:1 ~ .a ... >- 0 u; Q) cD .E :::1 '-O <1:1 ... ~£ a. ~ ·- :::1 cD u a. a. No. Sample Description Prep 0: (.9 0: m a_ 0 (.) a 0 o- u.E (/) ~E (.) w (/)Cil 0 
1 s280 Calcarenit_e TS - - - - <1 - - - - 10 50 - - - <1 - 20 - - - 20 - -
2 a764 Pack-Grain TS - <1 - 11 5 30 - - - - - - - <1 10 10 10 - - - 20 <1 -
3 a766 Grainstone TS <1 <1 - 20 7 30 <1 <1 3 - - - 2 <1 10 10 - - <1 <1 20 - -
4 a769 Packestone TS - <1 - 5 <1 45 - - - - - - - <1 5 7 20 - - - 15 - -
5 a771 wack-From TS - - - 20 10 - - <1 - - <1 - - - - - 28 - <1 20 5 - 3 
6 a773 Framestone TS - - - <<1 <<1 - - - - - - - - - <<1 1 3 - <<1 90 1 - -
7 a776 Grain-Pack TS - 10 - 6 6 10 10 - 5 - 2 - 5 <1 12 10 3 - 5 5 5 - -
8 a778 Pack-From TS - <1 - 15 <1 - <1 - - - <1 - 3 - 1 - 20 - 15 15 10 <1 <1 
9 a782 From-Pack TS 5 - - 7 <1 - - - - - <1 - - - - - 25 - 1 40 5 - -
10 a790 From-Pack TS - - - 17 - 10 - - 1 - - - - - - 18 15 - - 13 10 - -
11 a791 Grain-Pack TS - - - 30 <1 10 - - - - <1 - 2 - - 20 5 - - 15 15 - -
12 a792 wack-Pack TS - <<1 - 5 5 2 - - - - - - - - - 15 26 1 - 8 8 - 1 
13 a793 Grainstone TS - - - 40 - 7 - - 10 - - - <1 - - 20 - - - 15 5 - -
14 a794 wack-Pack TS - - 7 5 - 10 5 - - - - - - - 2 10 30 30 - - <1 - -
15 a795 wack-Pack TS - - 5 7 <1 10 - - 3 - - - - - 7 14 14 30 - 5 1 - -
16 a796 wack-Pack TS - 1 20 2 2 1 - - - - - - <1 <<1 2 7 43 5 - - - - -
17 a797 wack-Pack TS - 1 5 4 3 7 - <<1 5 - - - 2 <<1 5 4 27 27 - 8 - - -
18 a798a wack-Pack TS - <1 - 22 - 10 - - - - - - - - - - 60 - - - 5 2 -
19 a798 Dolomite TS - - <1 <1 <1 - - - - - - - - - <1 <1 <1 - - - <1 - -
20 a799 wack-Grair TS - 1 10 1 2 10 - 2 5 - - - 1 <1 10 10 45 - - - - - -
Footnotes: 
a771-Skeletal grains, especially corals, highly dolomitized. a776-Cross lamination in hand specimen marked by variation in grains size and echinid fragment concentration. 
a778-Dissolution moldic fenestrae infilled with phreatic meteoric spar and dedolomite. a788-Corals extensively replaced by dedolomite. 
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a790-a791-a792-Extensive dissolution of skeletal grains whose external morphology is preserved only by biogenically formed micritic envelopes, internally infiiied with phreatic meteoric 
spar. Dedolomite and silt grade crypto-crystalline micrite also present. a793-Very coarse rounded and parallel aligned skeletal fragments and interclasts. Meteoric spar. Drip stone fabric 
developed. a794-Dissolution fenestrae of skeletal grains partially infilled by dedolomite and abundant silt grade crypto-crystalline micrite. a795-Strong meteoric vadose drip stone fabric 
developed. Marine phreatic spar also present. a796-a798-a799-Contain dedolomite and silt grade micrite. a798-Dedolomite. 
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Log: Point du Midi 
Grid Ref: 09201 21202 
Sheet lof2 
No. sample Description Prep 
1 a801 Grain-Pack AP 
2 a802 Grainstone AP 
3 a803 Dolomite AP 
4 a804 Grainstone AP 
5 a805 Grainstone AP 
6 a806 Grainstone AP 
7 a807 Dolomite AP 
8 a808 Grainstone AP 
9 a809 Grain-Pack AP 
10 a810 Grainstone AP 
11 a811 Grain-Pack AP 
12 a812 wackestone AP 
13 a813 Grainstone AP 
14 a814 Grainstone AP 
15 a815 Wackstone AP 
16 a816 Wackstone AP 
17 a817 Mud-Wack AP 
18 a818 Grainstone AP 
19 a819 WackestonE AP 
20 a820 Wack-Pack AP 
21 a821 Grain-Pack AP 
22 a822 WackestonE AP 
23 a823 Grainstone AP 
24 a824 Grainstone AP 
25 a825 Grainstone AP 
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Q) 
«l 
Cl 
-ro (I) 2 Q) 
> c: (I) 
Q) 
'6 -ro Q) > ... ::J 
(!) a: iii 
- - 20 
- - 18 
- - -
<1 - 11 
1 - 18 
2 - 20 
- - -
- - 20 
1 - 10 
1 - 20* 
- - 12 
- - <1 
- - 9* 
- - 6 
- - 1 
- - 10 
- - <1 
- - 30 
- - 10 
- - <1 
<1 - 10* 
- - <1 
<1 - 5 
<1 - 10 
2 - 6 
(I) (I) Q) 
"0 ... (I) 2 0 Q) a. 
.J::. - 'E (I) 0 (I) a. «l 0 :c 0 "0 (I) (I) 0 0 
·s "0 ·o «l :J 
«l 
·s 
-ro ... «l ... a; 
'E co a.. 0 (.) a 
10 20 - 1 1 -
10 23 - - 4 -
- - - - - -
9 11 - - 10 -
10 27 <<1 <1 5 -
7 18 2 - 2 -
- - - -
- -
10 16 <<1 - 1 -
3 20 <<1 - 2 -
10* 15* 40* - - -
7 24 1 <<1 1 -
<1 15 - - - -
8* 30* 30* <1 10* -
6 20 1 - 10 -
10 5 - - - -
10 - - - - -
<1 5 - - - -
8 27 2 - 2 -
5 10 - - - -
<1 10 - <<1 - -
4* 15* 26* <<1 4* -
<1 20 - - - -
5 20 <<1 - 5 -
3 24 <<1 - 5 -
1 20 3 1 10 -
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<<1 - 3 1 4 23 - -
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1* 1* 7* -
- 2 30 -
2 <1 3 -
- 5 8 -
- - 10 -
4 - 10 -
- -
s. 
-
- - 18 -
1* 1* 10 -
- - 2 -
1 1 39 -
1 1 28 -
6 6 20 -
(I) (I) 
"0 
"0 0 0 
0 a. 0 
«l ... 
... 
':ij 
-(I) «l 0 (!) 
- <1 
- -
- -
- 15 
- 2 
- 2 
- -
- 1 
- 1 
- 1* 
- -
- -
- <1* 
- <1 
- -
- -
- -
- -
- -
- -
- 1 
- -
- -
- -
- 1 
2 
.E 
0 
0 
0 
-
-
100 
-
-
-
100 
1 
-
5 
-
13 
1 
5 
39 
8 
10 
-
10 
11 
-
38 
-
10 
-
::X:. 
:g 
~ ;::s 
1::1.. 
>(• 
::X:. 
U1 
N 
(%)Modes 
Log: Point du Midi 
(/) (/) (/) (/) Cll«S «< «< 
Grid Ref: 09201 21202 Cll "0 Cll E «< .... (/) Cll Cll «! .... .... .... (/) (/) ()). 0 ()) ..... .0 "OCIJ Cll Cll c .... (/) "0 Ol ~ -<I) "0 
No. 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
«< 0. .c ·c: :l ·-- - - Cll ()) (/) 0 ()) (/) c·- o'2 "0:~ «! ..... «< Sheet 2 of2 Ol '@ (/) Cll 0 (/) 0. .l'l! 0 ..... ·- c 
.l!l ·- 0 0 "8 0 0. ... 
'@ ~ :E (/) ~·e :e ·e .2l .o- (/) Ol~ 0 g ·e c > "0 (/) (/) 0 0 ..... E =E ·~ o.o N '@ c c:l «< Q) 
'6 -ro 0 '(5 "0 ·u «< :l .... .... ·- «< ,g«< .Q «< ·;::: t>-o «< o.~ .... 0 '0 Q) «< 
·s 
-ro .... «< «< ~ .o .... 0 ~ 0 :E -;:;; (/) 0 Q) :::J > .... Qj c :::J .... 0 «< .... ~.E {]; ~ ·- :l 0 0.0. «< Sample Description Prep a: (9 a: ai CD a.. 0 () a 0 o- u.E ~E CD () w (f)<ll 0 (!) 0 
a827 Dol-Pack AP - - - 5 5 20 - - - - - - - <<1 - 10 29 - - - 10 - - - 30 
a828 Dol-Wack AP - - - 1 1 - - - - - - - - 1 - - 44 - <<1 7 1 - - - 44 
a829 Dol-Mud AP - - - - - - - - - - <<1 - - - - - 49 - - - - - - - 50 
a830 Grainstone AP - 1 - 15 2 30 - - 10 - - - 5 - 2 15 - - 2 1 16 - - - -
a831 Grainstone AP - - - 7 2 37 - - - - <<1 - 1 - 5 38 - - - - 9 - - - -
a832 Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
a806b Dol-Mud AP - - - - - - - - - - - - - - - - 35 - - - - - - - 65 
a812T Pack-Grain AP - - - 5 5 10 - 2 15 - - - 1 - 1 20 14 - - 5 20 - - - 2 
a71 o Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
a711 b Packstone AP - - 10 1 2 30 - - 2 - - - - - 2 32 10 - - - <1 - - - 10 
a712b Packstone AP - - 10 14 1 15 - <1 <<1 - - - - - 5 5 45 - - - 1 - - 2 -
a713 Grainstone AP - - - 10 10 19 <<1 <1 5 - - - 1 1 1 35 1 - - 4 6 - - 1 2 
a714a Pack-Grain AP - - - 3 1 30 - 1 1 - 1 - - - 20 40 10 - - - 1 - - - 1 
a714b WackestonE AP - - - 4 - 3 - <1 - - <<1 - - - 4 1 86 - - - - - - - -
a823b Packstone AP - - - 4 2 40 8 - <<1 - - - - <<1 2 10 20 - - 1 1 - - - -
Footnotes: 
a810, a813 and a821-0oid nuclei include grains marked with asterisk. Oolitic skeletal grains are included in both modes of individual skeletal grain type and collectively as ooids. 
s713-Micrite crypto-crystalline silt. s714-Drip stone spar. Meniscus spar preferentially stained by dye in plastocene used during preparation of acetate peel. 
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Log: Rochers de Leschaux 
(%)Modes 
V) V) <ll(ll V) Grid Ref: 09165 21205 Q) ~ V) Ill Ill Ill '0 V) Q) Q) Ill'- ... ... V) E V) Q) 0 Q) 
.0 :22 Q) Q) ... V) '0 Ol ~ .... -rn c Ill Q. ..c ·c: ::J - - Q) '0 0 Q) Sheet lof2 Ol 'iii V) V) 0 c·- u'c 
'0 :s ro- Ill '0 V) 0 Q. .... 
-
Q) V) Q. <0 0 
-
,_c Q) 
·- 0 0 Q)Q) u E 'iii > !I) 13 V) :a·E :.=·e .... ~ .0- V) 0 o- 0 c V) ..c '0 V) u .... E =E ·;:: ou N 
'iii c c ::J (1:) ... Q) '6 'iii u ·a '0 ·o <0 ::J ... .Q Ill ·;:: Ill ... ~ 0 '0 Ill ... ·-(ll ..!:!<O Ill (3'0 :.c o.52 ~ :J > Ill Q) '(5 'iii ... <0 ~ .o ... ~.E Q. u >- 0 Q.Q. ~ 0 No. Sample Description Prep Q) 05 ... 'E a :J '-0 (1:) ... ~ ·- :J ro u Ill - g;_ ~~- 0: co a_ 0 u 0 o- u.E (/) ~E u w (J)VJ 0 (!) 0 
1 a279 Grainstone AP - - - 17 10 22 10* - 5 - - - - - 8 20 <1 - 4 4 10 - - - -
2 a280 Grainstone AP - 1 - 10 1 20 - - 15 - - - 6 - 2 15 <1 - 10 10 8 - - <<1 1 
3 a281 Grainstone AP - - - 5 5 30 - <<1 - - - - - «1 2 16 - - 1 - 35 - - - 5 
4 a283 Grain-Pack AP - - - 5 5 25 <<1 - 4 - - - - - <1 14 5 - 1 - 32 - 2 - 5 
5 a284a Grain-Pack AP - - - 8 7 31 2 - 5 - - - - - 1 14 6 - 7 8 10 - - 1 1 
6 a284b Grainstone AP - - - 20 10 25 9 - 2 - - - - <1 7 17 - - 2 4 1 - - <1 1 
7 a285 Grain-Pack AP - - - 15 15 15 <<1 - 2 - - - - - 2 15 5 - 2 20 4 - - - 1 
8 a286 Pack-Grain AP - - - 5 5 25 - - 5 - - - - - - 5 25 - 1 4 19 - - - 6 
9 a287 Grainstone AP - 4 - 17 3 15 <1 <<1 6 - - - 1 <<1 2 20 - - 11 11 4 - - 2 1 
10 a289a fNackestonE AP - - - 3 3 10 - - - - - - - - - 9 60 - - 2 10 - - - 3 
11 a289b Mud-Wack AP - - - 2 2 4 - - - - - - - - - 2 88 - - - 2 - - - -
12 a290 Wack-Pack AP 1 - - 1 <1 30 - <<1 3 - - - <<1 - 4 8 27 10 - - 10 - <<1 <<1 1 
13 a291 Grain-Pack AP - - - 2 1 40 - - - - <<1 - <1 <1 2 5 7 - - - 30 - - - 10 
14 a292 Grain-Pack AP - - - 1 1 36 - - - - - - - - 1 10 10 - - - 32 - - - 5 
15 a293 Grain-Pack AP - - - 3 3 42 - - - - - - - - 2 5 2 - - - 41 - <<1 <<1 -
16 a294 Grain-Pack AP - - - 1 1 45 - - - - - - - - - 4 8 - - - 42 - <1 - 1 
1 7 a295 Pack-Wack AP - - - 4 2 40 - - - - - - - - - 4 19 - - - 20 - - - 1 
18 a296a From-Wack AP - - - <<1 <<1 7 - - - - - - - - - 5 44 - - 30 10 - - - 2 
19 a296b Grain-Pack AP - - - 15 3 10 - - 19 - - - - - - 15 15 - - 1 20 - - 1 1 
20 a297 Grainstone AP - <1 <1 25 3 20 - - 23 - - - - <<1 - 20 - - - 2 2 - - 2 -
21 a298 From-Pack AP - - 2 5 5 10 - - 2 - - - - - - 10 25 1 - 30 9 - - - 1 
22 a300 Grainstone AP - - 2 18 3 15 - - 30 - - - 5 - <1 22 - 2 - - 1 - - - -
23 a301a Grainstone AP - <<1 <1 10 5 25 - <1 20 - - - - - - 20 - - - 15 <1 - - 1 -
24 a301b Grainstone AP - <<1 1 27 10 5 - - 20 - - - 1 - - 30 - - - 2 <1 - - 3 -
25 a302 Grainstone , AP - <1 1 14 5 35 - - 14 - - - - - - 18 - - - 4 8 - - - -
Footnotes: 
a279-Micrite silty. Oolitic skeletal grains are included in both modes of individual skeletal grain type and collectively as ooids. a281-Spar crypto-crystalline. Syntaxial overgrowths of 
echinids. Dolomite selectively replaces echinids. a286-Micrite silty. a287-Aligned sedimentary fabric. a291, a292, a294-Dolomite selectively replaces echinids. Spar dominantly 
syntaxial overgrowth. Micrite silty. a287-Aiigncd sedimentary fabric. a298-Micrite silty. Rudists heavily eroded. Corals extensively replaced by a fine grained crystalline dolomite 
mosaic. a300, 30la&b-Coarse fibrous rim spar and drusy mosaic spar of possibly meteoric intertidal origin. s301a&b-Possible meniscus and drip spar. a302-Much of spar is cryptO-
crystalline. 
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V1 
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w 
Log: Rochers de Leschaux r (%)Modes I 
Grid Ref: 09165 21205 en 
en en Ql~ ~ ~ en (l) 
"0 Ql Ql ~ .... .... .... E en ~ .... en (l) en (l) Ol 0 (l) 
-
.a :22 Ql (l) c .... en "0 Sheet 2 of2 ~ Q. s:::. -;;:; ·c: .a - - -en (l) "0 0 en c·- u'c 
-a:5 ~- (lj men Ol ro en (l) 0 Q. ~ ,_c (l) ·- 0 "0 0 Q. 
ro - > E en en u 0 en ~H~ :e .E - ~ .a- 0 en 0 Ol.!!! u 0 c en "0 en u - E =E ·;::: ou N c c:J ~ .... (l) ro u ·c; "0 '(J ~ ::I .... .... ~~ .Q (lj 0 t;-o ~ ro o.S! .... -;;:; "0 "0 ~ ·- ~ ~ E (l) ::I > ~ a; ·c; ro .... ~ ~ .a .... ~ .... ~£ Q. >- 0 Q.Q. -;;:; No. Ql .... m .... .E a ::I "-O ~ ·- ::I ro u ~ Sample Description Prep a: (9 a: en a.. 0 () 0 o- o.e (/) 2E () w (/)en 0 (9 
26 a304 Grain-Pack AP - 2 - 3 - 35 - <<1 - - - - 4 - 18 12 9 - - - 14 - - 2 
27 a305 Packstone AP - - - 3 3 36 - <<1 10 - - - - - 6 15 20 - - - 3 - - 2 
28 a308 Pack-Wack AP - - 17 4 3 20 - - 4 - - - 1 - 1 3 45 - - - <<1 - - <<1 
29 a309 Packstone AP - <1 14 3 3 20 - <1 2 - - - 3 - 4 6 44 - - - 4 - - -
30 a310 Wack-Pack AP - <1 15 5 <1 5 - <1 1 - - - 1 - 1 6 62 - - - 1 - - -
31 a311 wack-Pack AP <1 - 10 7 <1 20 - <1 5 - - - - - 5 10 35 3 - - 1 - - 1 
32 a312 wack-GraiQ AP - <<1 12 3 <1 20 - 1 5 - - - 1 - 4 10 39 1 - - 2 - - -
33 a314 wack-Grain AP - - 5 3 5 34 - - - - - - - - <<1 6 44 - - - 1 - <<1 -
L_34 a315 wack-Pack AP - - 16 1 6 20 - 1 2 - - - - - 5 6 41 - - - 2~ - - -
-- ----
Footnotes: 
A309-Micrite silty. a310-Some moldic rudist fenestrae and cracks infilled with silt and coarse druzy spar. a311-Moldic porosity infilled with coarse drusy spar. 
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(%)Modes 
Log: Roc des Tours 
(/) (/) (/) O>co co co (/) Grid Ref: 09160 21210 Q) "0 Q) Q) co .... .... .... E (/) co 0 .... (/) .2:! .0 "00> Q) Q) (/) .... (/) "0 Q) Q) c 
co Ol a. .c - ·c :I ·-- - - -(/) Q) Q) (/) "0 0 Q) Sheet lof 1 ~ (/) (/) 0 (/) c·- u'c "0 :s co- ro "0 0 a. -Ol Q) a. co 0 - ·- c Q) ·- 0 0 Ol~ u .E ~ V) :.c (/) (/) z·E ~·E 
-
~ .D- (/) 0 0 c > "0 (/) (/) u u 
-
E =E ·;:: ou N ~ c c::l co .... Q) u ~ u ·o "0 ·o ro :I .... .... ·- ro .!:!ro .Q ro co .... (j"O ro :.c o.!:! .... V) 0 "0 Q) co 
·g ~ .... ro ro ~ .o .... u > .... - 0 Description Q) :I > .... Qi 'E :I '-0 ro'- :": .... a. ~ ·-:I .... 0 u a. a. (/) co No. Sample Prep 0: ..i5 0: ro co Q.. (.) a 0 o- u.E :2.E CJ) :2E co (.) w CJ)I/l 0 (!) 0 
1 s39 Pack-Wack TS - <1 - 7 5 7 - 10 <1 1 1 - - 1 10 - 34 - - - 7 10 5 - -
2 s40 Packstone TS - - - 7 7 14 - 10 - - 1 - - 2 15 7 17 - <<1 - 7 7 5 - -
3 s41 Packstone TS - <1 - 7 7 12 - 10 - 1 2 - - 1 13 10 23 - - - 4 3 5 1 <1 
4 s42 Packstone TS - 1 - 7 7 11 1 2 4 - <<1 - <1 1 10 9 25 - 1 - 16 1 <1 <1 -
5 s43 Pack-Grain TS - - - 5 5 20 - <1 - - <1 - - - 9 9 10 - 1 - 40 - - - - ' 
6 s44 Grain-Pack TS - 1 - 15 9 17 <1 <1 <1 - - - 1 <<1 5 22 5 - 2 <<1 13 - - 1 I " I 
7 s45 Grainstone TS - <1 - 9 6 14 5 <1 7 - - - - - 14 26 - - 2 <<1 14 - - 1 -
8 s46 Grain-Pack TS - <<1 - 15 10 17 - <1 <1 - <<1 - - <<1 7 20 5 - 2 - 19 - - 1 -
9 s47 Packstone TS - - - 4 4 19 - - - - - - - - 17 1 20 - 3 - 32 - - - -
10 s48 Pack-Grain TS - <1 - 4 4 20 2 <<1 3 - 12 1 - <<1 10 5 5 - - - 32 - - - -
11 s49 Wack-Pack TS - 1 - 5 5 5 50 - - - <<1 1 <1 <<1 5 9 9 - 2 <<1 1 - - - 3 
12 s50A Grain-Pack TS - 1 - 5 5 15 28 - - - 2 1 1 1 5 20 9 - 2 1 1 - - - 3 
~ 
~ 
n:. 
~ 
~ !1 I I i !  I I  I I  I I  I  I I I I I  I I I I I I I I I I I I I J ~ 
13 s50B Pack-Wack TS - 1 - 5 5 15 29 - - - <1 1 1 1 5 8 19 - 2 2 1 - - 1 3 
14 s51 wack-Pack TS - <1 - 22 5 5 <<1 - 1 - <1 1 - 1 3 2 42 - 2 6 4 - 1 1 -
15 s52 Framestone TS - - - - - - - - - - - - - - - - - - - 100 - - - - -
16 s53 Packstone TS - - - 2 7 <<1 10 2 1 - 1 - - <<1 10 - 24 - - - 20 <1 1 - 20 
17 s54 Wack-Pack TS - - - 5 7 8 - 4 - - - - - 1 10 - 50 - - - 5 5 4 1 -
18 s56 Pack-Grain TS - - - 7 15 20 - 8 - - - <1 - - 5 7 7 - - - 10 - - - 20 
19 s57 Pack-Grain TS - <1 - 21 4 10 1 4 1 - <<1 - - <1 7 10 34 - 1 - 4 - 1 - -
20 s58 Packstone TS - - - 6 2 18 8 1 - - <<1 - - - 7 5 20 - - - 34 - - - -
21 s60 Pack-Wack TS - <1 - 15 3 20 2 1 - - <1 - - - 3 - 40 - - - 15 - - - -
-
Footnotes: 
s48 and s49-Spar occurs only as syntaxial overgrowths of echinid fragments. s53 and s56-Extensive dolomitization selectively replacing echinids. 
U'1 
IV 
U'1 
Log: Thone 
(%)Modes 
U) U) Ql(ll Vl 
Grid Ref: 09093 21060 Q) "'C ~ 
U) <1l <1l E Q) (llo.... .... .... Vl 
Q) <1l 0 Q) Vl Q) 
.0 "COl Q) Q) 
U) Vl "'C Ol ~ ..... -U) c: Q; <1l a. J::. ·c: :J ·-- - - '0 0 2 Sheet lof3 -ro U) c:·- o'c "'C :5 (1) ..... (1j Q)f/) 0 0> U) Q) 0 U) a. <1l 0 .... ·- c: Q) ·- 0 0 "'C 0>~ a. ·e 
-ro 
.... 
> U) 0 U) -s·e :-e ·e ..... ~ .o- Vl 0 0 0 c: Vl J::. "'C U) 0 
-
E =E ·;::: oo N c: c: ::l ro .... Q) ii "(0 (.) '(5 "'C '(J ro :J .... .... ·~(t1 \:1(1) .Q <1l (1j .... tJ-c <1l -ro o.!:! ..... - 0 '0 Q) > <1l '(5 
-ro ..... (1j 
<1l 0 .o .... (.) >- 0 J::. -;;; Vl 0 Q) ..... ::l .... (ii 
.E ::l 5: '-0 :1l 0 =""" a. ~ ·- ::l m (.) a. a. ro No. Sample Description Prep a: <.9 a: ro co a.. 0 0 a a o- 0- ~.E (/) ~E 0 w (/)Vl 0 <.9 0 
1 a446 Grainstone AP - <1 - 5 5 50 <1 - - - - - - - 9 20 - - - - 9 - 5 - 1 
2 a447 Grainstone AP - <1 - 6 6 39 - <1 - - - - 1 - 5 15 - - - - 14 - 2 <1 9 
3 a449 Grainstone AP - 1 4 4 4 37 - - 9 - - - <1 <1 7 19 - - <1 - 12 - - - -
4 a451 Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
5 a450 Grainstone AP - - - 1 6 20 - - 1 - - - - - 1 41 - - - - 20 - - - 10 
6 a451 Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
7 a452a Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
8 a452b Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
9 a455a Grainstone AP - 5 - 8 5 8 - - 7 - <1 - 1 - 1 5 - - 1 - 8 - - 1 50 
10 a455d Pack-Grain AP - - - <1 <1 33 - - - - 3 - - - - 12 20 - - - 25 - - - 5 
11 a456 Grain-Pack AP - 1 <1 20 9 19 5 - 8 - <1 <1 1 - 9 10 4 - 1 <1 5 - - 5 -
12 a456d Packstone AP - - - 2 2 40 - - - - 10 - - - 1 12 10 - - - 18 - - - 5 
13 a457 Grain-Pack AP - <1 - 20 4 21 3 - 2 - <1 - <1 - 5 5 1 - - - 14 - - <1 20 
14 a457d Packstone AP - - -.. - 3· 2 16 16 - 4 - 2 - 2 <1 1 . --10- "·16 - 5 1 15 - - 1 5 
15 a458 Grainstone AP - <1 - 20 8 20 <1 <1 2 - <1 - <1 - 9 15 - - - - 17 - - <1 15 
16 a549 Grainstone AP - 1 - 20 7 19 5 - 5 - - - - - 7 10 - - - - 18 - <1 <1 8 
17 a560 Grain-Pack AP - 1 - 20 10 15 5 <1 1 - <<1 - <1 <1 5 18 2 - - - 15 1 - <1 2 
18 a561 Dolomite AP - - - - - - - - - - 1 - - - - - - - - - - - - - 99 
19 a562 Dolomite AP - - - - - - - - - - 1 - - - - - - - - - - - - - 99 
20 a563 Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
21 a564 Mud-Wack AP - - 10 <1 <1 <1 - - - - - - - - - <1 74 - - - - - - - 12 
22 a566 Packstone AP - - 13 20 1 5 - - - - - - - - - 15 15 - - 20 5 - - 1 5 
23 a567 Dol-Wack AP - - - 5 - - - - - - - - - - - - 49 - - - 1 - - - 45 
Footnotes: 
a446, a447-Contain individual sub-euhedral rhombs of zoned dolomite. a446, a449-Cracks in filled with drusy spar. a451, a452a-Mosaic of euhedral dolomite. a450-Microcrystalline 
spar possbly contains dedolomite. a455a-Oolomite mosaic preferentially replaces spar. a456-Contains calcitic sponge. 3556-lnner originally aragonitic portion of biminerallic rudists 
shell fragment dissolved out and infilled with silt and drusy spar. High percentage of moldic porosity. Iron rich dolomite. Fine dedolomite mosaic replacing corals? a457-Contains 
individual isolated euhedral dolomite rhombs which selectively replace the spar/matrix between grains. a560~Cracks infilled with silt. Contains calci!ic spong~.a561, a563-Pervasive 
mosaic of euhedral dolomite rhombs. 
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(%)Modes 
Log: Thone 
C/) C/) <ll(1) C/) 
Grid Ref: 09093 21060 Q) '0 Q) 
C/) (1) (1) E (1) Oi Q) Q) (1)L. .... .... C/) (/) Q) 0 C/) ..0 ~.l!! Q) Q) .... (/) "'C 0> a. iii ... - - -cn c '0 Q) Sheet 2 of3 (1) Cii (/) .s:::. ·c: :J c·- o'E '0 :s (1) ... (1) Cl> C/) 0 0> C/) Cl> 0 a. (1) ... ,_c Cl> ·- 0 '0 Cl> Cl> 0 a. ... (ii ... > :E C/) "1.3 0 C/) B·e ~·e ... 2 ..o- 0 C/) 0 O>- 0 0 ·e c C/) '0 (/) C/) 0 ... E =E ·.::: oo N c c ::J ~ .... Q.) 
'0 (ii 0 ·a '0 '(3 (1) :J .... .... ·- (1) ~(1) .Q (1) (1) ·.::: (3'0 (1) (ii o.!:? Vi 0 '0 Q.) > (1) 0 (ii .... (1) (1) 0 ..o .... 0 >- 0 .s:::. - 0 No. Sample Description Prep Cl> 
._ ::J m m Qi - a ::J ~ '-0 Ill .... ~.2 a. ~ ·- ::J m 0 a. a. C/) ro a: (.9 a: a... 0 0 r::: a o- u.2 (/) ~E 0 w (j)<l) 0 (.9 a 
24 a571 Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
25 a572 Dolomite AP - - - - - - - - - - 1 - - - - - - - - - - - - - 99 
26 a573 Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
27 a574 Grain-Pack AP - 1 - 12 12 25 - - - - - - - - - 10 5 - 3 - 16 - 1 - 15 
28 a575 Dol-Pack AP - - - - - - - - - - - - - - - 5 25 - - - 20 - - - 50 
29 a576 WackestonE AP - - 20 1 7 1 - - - - - - - 1 - 5 49 - - - 1 - - - 15 
30 a577 Grain-Pack AP - <1 - 20 7 30 <1 - 5 - - - - <1 3 15 <1 - - - 10 - - - 6 
31 a581 Grain-Pack AP - - - 25 7 27 - - - - <<1 - - 1 - 23 5 - - - 10 - - - <1 
32 a582 Packstone AP - - 10 10 10 7 - - 1 - <<1 - - - - 7 50 - - - 3 - - - <1 
33 a583 wack-Pack AP - - 15 10 <1 - <1 <1 1 - - - 1 - 7 10 51 - - - - - - 2 -
34 a584 Dolomite AP - - - - - - - - - - - - - - - - - - - - - - - - 100 
35 a585a Packestone TS - 2 14 6 - 10 - - 1 - ""·-· .. - 7 1 5 17 17 - - 15 4 - --··- ·1 -
36 a585b Dolomite AP - - - - - - - - - - - - - - - 3 - - - - - - - - 97 
37 a586 Dolomite- ·-AP - - - - - - - - - - . -·- --- . - - - - - 2 - - - - - - ... ·--- ·--···- 98 
38 a595 Pack-Wack AP - - 15 5 <1 40 - - - - - - - - - 7 12 - - - - - - - 20 
39 a598 Pack-Grain AP - <1 <1 24 3 35 10 - 5 - - - - 1 5 15 5 - - - 12 - - - 1 
40 a599a Pack-Grain AP - <1 10 3 4 30 <1 <1 1 - - - - 1 9 8 15 - - - - - - <1 15 
41 a599b Grainstone AP - - <1 18 7 25 - <1 6 - - - <1 <1 4 16 - - - <1 18 - - <1 -
42 a602a Grainstone AP - 2 - 15 4 30 <1 - <1 - - - - 1 5 18 - - - - 22 - - <1 -
43 a602b Packstone AP - - <1 15 7 30 5 - 1 - - 1 2 - 1 10 10 - 6 6 6 - - - -
, 
Footnotes: 
a571, a572, a573-Pervasive mosaic of euhedral dolomite rhombs. a574-Contains individual euhedral dolomite rhombs. a581-High portion of micrite is of coarse silt grade. a584-
Euhedral dolomite interlocking mosaic. a585a, a586-Dolomite mosaics with small areas of calcitic spar. a585b-Rudist fragments have micritic oncolitic coatings. Bivalves preserved 
mainly only as moldic porosity. Cracks, fenenstrae and moldic porosity filled with drusy spar. a595-Some of rudist grains selectively dolomitized. Fenestrae and cracks infilled with drusy 
spar and silt. a598-Fine microspar and coarse drusy spar present. Possible meniscus spar. a602a&b-Contain crypto-crystalline silt and drusy spar. 
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(J) (J) Cl(l:l (J) Grid Ref: 09093 21060 Q) "'0 Q) (J) Ill Ill E Ill ..... Q) Q) Ill"- Q; ..... (J) (J) Q) 0 Q) (J) 
.0 uiD Q) (J) 
"8 Ill Ol 0. - - ·--
- -
-rn c Ci "'0 Q) Sheet 3 of3 ro (J) .!:. (J) ·c: ::J c·- u'c 
"'0 :s Ill- Ill Q) (J) Ol (J) Q) 0 0. Ill 
-
.-C Q) 
·- 0 "'0 0 0. -ro (i) > (J) (J) (3 0 (J) -s·e :e .E 
-
2 .o- 0 (J) 0 Ol..!!! () 0 E c .!:. :2 (J) () 
-
E =E o<J N g -ro () ·u ..... ·.:; ro c c ::J .... Q) :.0 0 "0 Ill ::J ~ ~co .Y.II:l .Q Ill Ill "5 t;u Ill o.!:/ -;;; 0 "0 Q) > Ill ·cs ro ..... Ill Ill .o .... >- 0 :.c 0 No. Sample Description Prep Q) (5 ::J ro ..... a; c a & Q_.E Ill ..... ~£ 0. ~ ·- ::J ro () 0.0. (J) (~ 0: 0: co 0... 0 0 u.E (/) ~E 0 w (/)Ul 0 0 
44 a606 Grain-Pack AP - - 10 10 10 18 - - 5 - - - - - - 25 12 - - - 5 - - - 5 
45 a607 Mud-Wack AP - - - 2 <1 10 - <1 - - - - <1 - 3 5 70 - - - 1 - - - 1 
46 a608 Grain-Pack AP - - 1 6 3 46 - <1 1 - - - - - 5 30 6 - - - 1 - - - -
47 a609 Wackestone AP - - 10 - 4 1 - - - - - - - - 2 3 37 - - - 3 - - - 40 
48 a610 Grain-Pack AP - - 10 7 2 33 - 1 9 - - - 2 - 6 20 5 - - - 5 - - - -
49 a612 Wack-Pack AP - - 5 1 - 3 - 2 - <1 - 16 - 3 2 65 - - - - - - 1 1 
50 a613 Dol-Pack AP - - - - - 15 - - - - 1 - - - 3 10 5 - - - 7 - - - 60 
51 a614 Packstone AP - <1 1 3 3 30 - <1 1 - 1 - 1 - 5 2 50 - - - - - - 1 1 
52 a615 Grain-Pack AP - - - 5 1 40 - <1 5 - <1 - - - 5 30 7 - - - 4 - - - 1 
53 a616 Packstone AP 1 1 1 3 1 40 - <1 5 - <<1 - 1 - 3 18 17 - - - <1 - <1 - 5 
54 a617 Grain-Pack AP - 1 - 10 3 44 - <1 ·2 - <1 - <1 - 10 14 10 - - - 3 - - - -
55 a618 Grain-Pack AP - 1 - 10 3 .40 --·- <1 2 - 1 - - - 10 19 7 - --- - . - - 3 - 1 - 1 
56 a620 Grain-Pack AP - - - 8 1 40 <1 <1 4 - <1 - - - 5 27 4 - - - 4 - - 3 <<1 
57 a621 Pack-Grain AP - - - 5 1 40 -···- <1 4 - <1 - <1 - 9 15 17 ---·· -- - 7 - - - -
58 a622 Packstone AP - - 2 5 1 47 - 4 - - <1 - 1 - 5 13 15 - - - 5 - - - -
59 a624a Grain-Pack AP - - 2 5 1 49 - 5 - - <1 - - - 5 24 '2 - - - 5 - - - -
60 a624b Grainstone TS - 1 4 7 - 40 - - - 1 8 - 2 - 7 15 - - - - 2 - 1 2 10 
61 a629d Packstone AP - - 7 25 1 35 5 - - - 1 2 - - 3 4 10 - - - 7 - - - -
62 a727 Packstone TS - 3 20 8 1 10 - <1 - - - - 4 <1 19 5 27 - - - - - - - 1 
Footnotes: 
a606-Moldic porosity infilled with drusy spar. a607-Contains cracks and isolated scattered dolomite rhombs. a608-Cracks present. a609-Contains euhedral dolomite rhombs. Cracks 
mainly infilled with silt. a610-Contains drusy spar and crypto-crystalline silt. a612-Stylolites and sutured seam solution/brecciation developed. a613-Scattered dolomite rhombs. 
a614-Contains cracks and moldic porosity. a615-Contains a small amount of crypto-crystalline silt. Cracks infilled with drusy spar. Birds-eye fenestrae present in more micrite rich areas. 
a616-Cracks infilled with drusy spar and silt. a617-Cracks. Stylolites. Quarts concentrated along stylolites. a618-Some silt. a622-Muddy oncolitic coating around large calcitic bivalve 
fragment. a622-a624-Lots of crypto-crystalline silt. a624-Dolomite selectively replaces spar and infills borings and cracks along with quarts and glauconite. Dolomite iron rich. Pyrite 
grains common. Ironstaining gives the rock a pale red/rose colouration. a727-Zoned euhedral dolomite rhombs partially replace rudist fragments. Bivalves preserved mainly only as moldic 
porosity. Cracks infilled with drusy spar. 
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V) V) V) OJro (I) (I) V) 
Location: Roc de Charmieux Q) -o OJ OJ <ll"- ..... ..... E V) Q) (I) 0 Q; V) 2 .Q :22 OJ OJ V) ..... V) "0 c (I) Ol c. 
.s:::. -;;; ·c: :l ..... ..... -VI OJ OJ V) "0 0 OJ Grid Ref: 09157 21153 -ro V) 0 c·- u'c -o:E ro- (I) "0 0 c. -Ol V) c. (I) - ·- c 2 ·- 0 
-;;; OJ :2 V) 0 2 :~n~ :E .E .~ .o- 0 V) 0 Ol..Q! u 0 .E -ro c > "0 V) V) u u E =E ·c ou N 
-ro c c:l ro ..... Q) ii -ro u ·o -o u (I) :l ..... ..... ·-(I) .£:!ro .Q (I) (I) u (3-o (I) :2 o.S2 .... -;;; 0 "0 OJ > (I) ·o 
-ro .... (I) 
(I) 0 .o .... >- 0 - 0 No. Sample Description Prep OJ .... :l ..... Qj c :l :5: '-0 :0 0 ~~ c. ~ ·- :l .... u c. c. V) (I) a: CJ a: iii co 0... 0 u a (J o- v- (j) ::2E co u w (/)VI 0 CJ 0 
1 s420 Grainstone TS - 1 10 3 8 6 1 1 1 - - <1 2 - 6 12 2 - - - 1 - - - 45 
Location: Combe Verts I 
Grid Ref: 09260 21150 
! 
1 a783~ Packstone TS - 2 7 5 5 12 - <1 1 - - - <1 - 12 10 40 - - - 1 <1 - - 2 I 
2 s783b Mudstone TS - - 1 2 1 - - <1 - - - - - - <1 4 90 - - - <1 - - -
- I 
3 s784a Packstone TS - - 1 4 1 18 - - 20 - - - 3 1 7 7 30 4 - - 1 - <1 <1 - I 
4 s784b Grain-Pack TS - - 6 6 1 16 «1 - 4 - 1 - 1 - 1 29 5 5 1 11 6 - - - 5 
Location: La Sarnia Refuge 
Grid Ref: 09170 21200 
1 a1 Qtz-Dol TS - - - - 4 4 - - - 8 19 - - - 4 - - - - - 3 8 - - 50 
... 
. ·- ·- .. 
2 a2 Mud-Wack TS - - - 1 4 - - 10 - - - - - 5 - - 74 - 1 - 2 1 2 - -
Location: D' Andey ···-·--· 
Grid Ref: 09157 21234 
1 X a Breccia TS - - - - - - - - 70* 2 12 - - - - 8 - - - - - - - - 8 
2 Xb Breccia TS - - - - - - - - 70* 2 12 - - - - 8 - - - - - - - - 8 
3 a65 Grain-Pack AP - 1 2 3 3 24 - <1 10 - <1 - 4 - 5 21 21 - - - 1 <1 - 2 <1 
4 a66 Breccia TS 1 4 - 2 2 6 6 <1 5 - 33* 1 2 1 5 25* 3 - - - 1 - - 2 -
5 a67 Grain-Pack AP - 1 5 5 2 41 - 1 3 - 2 - 1 - 5 17 15 - - - <1 - - - 1 
6 0243 Grainstone AP - 6 - 18 2 15 - - 8 - <1 - 1 - 1 25 <1 - 7 7 5 - - 2 1 
Location: Montagne des Auges 
,Grid Ref: 099110 21143 
1 I a639 Jpackstone TS - - <1 1 1 23 <1 1 15 - - - - - 10 10 30 - - - 4 - - - 10 
Footnotes: 
s420-Sample from potential paleokarstic surface. Contains abundant zoned dolomite. a783-Sample across an erosive surface. (a) Packstone contain a high portion of silt, and mol die 
porosity. Rudists fragments have oncolitic coatings. Overlain by (b) Mudstone containing birds-eye and dissolution fenstrae partially infilled with silt. a784-Sample across erosive 
(channel?) boundary. (a) Grain-packstone, contains dissolution fenestrae and cracks partially filled with dedolomite. (b) Packstone with a muddy matrix. Cracks and moldic porosity partially 
infilled with silt. at-Quarts-dedolomite matrix. Abundant pyrite (=5%). a2-Deepwater mudstone containing abundant calcisphere and calcitic globogerinid foraminifera. Spar confined 
to post-burial fractures. Xa-Breccia containing sub-angular clasts of sample type a2 -mudstone composition in a quartz, glauconite, pyrite, dolomite matrix. Small clasts of chert also 
present. a66-Breccia containing clasts of Urgonian senso lato biopelsparite/micrite (grain-pnckstone) up to 3cm in size inn cnlc-nrcnitc mntrix. 
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AppendixB 
Aravis Megabreccia Horizons 
Petrographic Sample Des.criptions 
Abbreviations and notation as for Appendix A 
529 
Lower Aravis (%)Modes 
Megabreccia Horizon (/) (/) (/) 0><1) <0 <0 (/) Q) "C Q) Q) <0 ..... ..... ..... E (/) <0 ..... ~ (/) Q) 0 Q) (/) .c :2.2! Q) Q) c ..... (/) "C (arranged in order as sampled NE 0> a. iii - - -<I) Q) "C 0 2 <0 co (/) (/) .J::. ·c: ::J c·- u'c "C :5 <O- ro "C (/) 0 a. ... 0> Q) 0 (/) a. <0 0 
-
·- c Q) ·- 0 0 8,~ .E a. to SW along the Aravis Chain) co iii > :.c (/) u (/) :~i'E =·e - Q) .c- (/) 0 u 0 c "C (/) u - E =E ·;:: - o.u N c c::J <0 ..... Q) 
'6 co u '(5 "C ·u <0 ::J ... .Q ro ·;:: t-o <0 co o.~ ..... - 0 
(/) 
<0 ... ·- <0 .5:1<0 <0 :.c "C Sheet 2 of3 "C Q) > <0 '(5 co ..... <0 ~ .c ... u ~ ..... iii (/) 0 Q) ..... ::J ..... .Qi 'E ::J '-0 ell 0 ~.E a. ~ ·- ::J 8 u a. a. <0 Qi a: (9 a: co m a.. 0 (.) a (J o- u- (J) ~E m w (j)<ll 0 (9 a LL 
Combe Paccaly 
23 a1046 Grain-Pack AP - - - 14 14 14 1 1 <1 - 1 - - <1 2 17 5 - 1 <1 20 <<1 - <1 5 -
24 a1049 Pack-Grain AP - - - 15 14 30 - - - - - - - - 2 5 10 - 1 - 18 - - - 5 -
25 a1050 Grainstone AP - <1 - 16 14 23 2 - 5 - <<1 <<1 - <1 1 15 - - <1 - 20 - - 1 - <1 
26 a1052 Grainstone AP - <1 <1 20 5 20 - - 5 - - - <1 - 1 15 - - 5 5 20 - - - 1 <1 
Combe Grand Cret 
--
-. . -··· ···-
27 sa Packstone TS - - - 6 4 10 <1 <1 - - 5 - - <1 10 10 35 - - - 12 4 <1 - - -
28 59 Packstone TS - - - 10 4 18 - <1 - - <1 - - <1 7 7 30 - - - 13 4 5 - - -
29 s1 o Grain-Pack TS - 5 - 12 2 4 - - 16 - - - 7 - 10 17 5 - 7 - 15 - - - - -
30 s1 Grainstone TS <1 - - 5 20 <1 <1 10 - - - 7 <1 7 20 - - 7 - 20 - - <1 - -
31 s31 Grainstone TS - 3 - 13 5 17 5 3 5 . - <1 - 5 <1 10 16 - - <1 <1 13 - - <1 - <1 
32 s136 Grainstone TS <1 4 - 18 7 14 <1 - 7 - - - 2 - 5 14 - - 7 7 14 - - - - -
33 s137 Grainstone TS 3 3 - 20 1 10 2 - 3 - - <<1 2 1 5 20 <<1 - 4 2 20 - - 1 - -
::t.. 
:g 
~ 
t!) I-- I v•-- I ·-.. ·v·-"-1 ·- I -· I ' I ·- · · · .. ~ o I I I I I 1'1 I I 1-1 1-1"1 I 1'1'1"1 I <-< I I I I b::1 
Combe Bella Cha 
34 s12 Grain-Pack TS - - - 20 2 30 - - 2 - - - - - 10 20 7 - 2 - 7 - - - . - -
35 s13 Deb rite TS - 1 - 10 2 1 - 7 5 - 3 - - <1 12 - 40 - 1 - 14 1 1 - 1 -
36 s15 Grain-Pack TS - 2 <1 11 a 13 2 1 5 - - - 6 <1 6 13 5 - 6 1 18 - - 1 - -
37 s461 Grainstone TS - - <<1 19 8 8 - 4 12 - - - 4 - 6 16 - - 6 - 16 - - <1 - -
38 s669a Packstone TS - 1 - 8 7 5 10 1 2 - 1 - - 1 13 11 28 - 3 1 5 1 2 - - -
39 s670a Packstone TS 1 - - 10 10 10 11 1 - 1 3 <1 - 1 10 5 20 - 3 - 10 - <1 <1 - -
40 s672 Grainstone TS - 3 <<1 5 5 19 <1 - 5 - <<1 - 3 <1 H) 14 1 - 5 3 23 - - <1 - -
41 . s673a Grain-Pack TS - 3 1 9 10 10 <1 <1 4 - - - 5 <1 5 23 5 - 10 2 10 - - 1 - - I 
Combe Torchere 
42 s756 Grain-Pack TS - 5 <1 9 5 10 - - 8 - - - 4 <<1 4 15 5 - 7 5 20 - - 1 - -
Footnotes: 
s13-Debrite with wack-pack fabric. s137-Grainstone containing silt grade micrite infilling cracks. 
V1 
w 
Lower Aravis 
Megabreccia Horizon 
(arranged in order as sampled NE 
to SW along the Aravis Chain) 
Sheet 1 of3 
Combe Grand Forclaz 
1 s330 Packstone TS 
2 s332 Grain-Pack TS 
3 a756 Packstone AP 
4 a757 fNackestone AP 
Combe Tardevant 
5 s6l Grainstone TS 
6 s62 Packstone TS 
7 s63 Grain-Pack TS 
8 s64 Debrite TS 
9 s66 Grainstone TS 
10 s68 Wack-Pack TS 
11 s361 · Packstone TS 
12 s532 Packstone TS 
Combe Paccaly 
13 s34 Grain-Pack TS 
14 s35 Grainstone TS 
15 s37 ~ale-arenitE; TS 
16 s38 fNackestonE TS 
17 s36 Packstone TS 
18 s718b Wack-Pack TS 
19 s719 Packstone TS 
20 s720 Packstone TS 
21 a1039 Debrlte AP 
22 a1045 Pack-Grain AP 
Footnotes: 
s64-Debrite with wack-pack fabric. 
(%)Modes 
</) </) 
</) Cllro ro Q) 
-o Q) co ... Q) Q) co ... ... Q) 0 Q) </) 
..c "OOl Q) Ol Vi -co </) 0. $::. ·c :::J ·-- -c·-Ol -ro </) Q) 0 0. co 
-
·- c u'2 
-ro Vi > :.2 </) (3 0 </) ~·E :E .E c -o </) </) u 
-
E Q) :0 -ro u ·o -o ·u co :::J ... ... ·- ro ~ro -o ~ > co ·o -ro ... co ro 0 ..c ... Q) :::J iii ... Qi c a :::J :::: '-O ~~£ a: (.9 a: ro 0. 0 0 
- 0 o-
- <1 - 6 7 30 - 1 1 - 2 - - -
- 1 - 16 16 19 <1 1 1 - <1 - 1 -
- - - 5 5 10 - - - - - - - -
- - - - - 10 - - - - - - - -
<<1 - <<1 15 4" 14 <1 - 7 - - - 5 <<1 
- <1 - 10 5 5 10 1 - - 1 - - 1 
- <1 1 19 7 6 4 <<1 1 - - - <<1 -
- <1 2 8 4 4 3 <<1 5 - 1 <<1 1 <<1 
- <1 <<1 7 <<1 12 4 <<1 4 - <<1 - <<1 1 
- - - 1 1 31 - 1 - - <<1 - <<1 
- - <<1 7 7 10 1 4 4 - 2 <<1 1 -
- 1 - 1 9 7 - - 10 1 7 <1 8 <1 
- <<1 - 17 8 7 1 3 7 - - - <<1 <<1 
<1 1 <1 14 6 6 4 - 11 <<1 <<1 - 3 <1 
- - - 1 1 1 - - 2 - 63 - - -
- 3 6 5 <<1 7 - <<1 2 - - - 5 -
<1 3 - 7 8 15 2 1 5 - 2 <<1 5 1 
- - - 10 6 15 3 2 4 - 1 - - -
- - - 2 5 10 <<1 6 1 - 3 <<1 <<1 <<1 
- - - 4 9 15 <1 1 1 - 5 <<1 - <<1 
- - - 5 5 20 1 - 10 - <<1 - - -
- - - 5 5 25 1 1 2 - 2 <1 - 1 
a1039-Debrite with packstone fabric and extensive dolomitization between clasts. 
ro 
iii </) c 
-
-</) 
ro- ro 
-a:s Q) ·- 0 
-
Q) ..c- 0 </) 
=E ::: 0 u N ·;::: co -ro 
.Q ro ro u u -o > ... ~£ 0. ·- ·- :::J ... 0 (/) ::2 . ::2 E ro 0 
3 4 7 - <1 <1 
5 9 9 - 2 -
- 33 20 - <1 <1 
- 15 74 - - -
15 9 - - 5 2 
9 7 29 - 1 -
7 33 7 - 2 -
2 7 47 - 3 1 
9 55 - - 1 -
5 3 14 - - -
10 5 20 - 4 1 
4 - 20 - 10 2 
8 17 3 - 4 <1 
4 24 - - 4 4 
1 18 10 - <<1 -
10 3 54 <<1 - -
5 10 27 - 1 3 
10 6 29 - - -
10 2 25 - <<1 -
5 <1 30 - 6 2 
5 2 10 - <1 <1 
10 10 11 - 2 -
</) 
E </) </) 8. ... Q) -o Q) </) -o 0 
0 0>..91 u 0 
c c:::J co ... o.~ ... Vi $::. 
-u 0.0. </) co 
w (/l<n 0 (.9 
35 - <1 -
17 - 1 -
25 - - -
<1 - - -
21 - <1 <1 
19 - <1 <1 
10 - - -
7 - - <1 
4 - - <1 
40 - 1 -
20 1 <1 <<1 
20 
- - -
20 - - 1 
15 - - 1 
1 <<1 - -
<1 - - -
2 - - -
10 3 <1 -
15 12 2 -
15 2 <1 -
2 1 - -
10 4 - -
·-···-'--···· 
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-
-
-
-
-
-
-
-
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-
-
-
-
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-
-
-
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-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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V1 
w 
IV 
Lower Aravis 
Megabreccia Horizon Q) 
~ (arranged in order as sampled NE Q) ro iii Cl) Cl) 0> IJ) 
to SW along the Aravis Chain) iii -c Cl) ~ 
Q) 
'6 ro Sheet 3 of3 "C ~ Q) :J > m 0: (!) 0: 
Col des Aravis 
43 s72a Deb rite TS - - - 15 
44 s72b Debrite TS <1 <1 <<1 10 
45 s73 Wack-Pack TS - - - 7 
46 s74 Packstone TS - - - 7 
47 s75 Deb rite TS - - - 1 
48 s76 Packstone TS - - - 1 
49 s77 Packstone TS - - - 2 
50 s78 Debrite TS - - - 7 
51 s79 Wack-Pack TS - - - 4 
52 s90 Mud-Wack TS - - - 3 
53 s91 Pack-Wack TS - - - 10 
54 s 111 Pack-Grain TS - - - 7 
55 sll2 Wack-poe~ TS - - - 5 
56 . _ _§JJ..3_ Pack-Grain TS 7 - - -
57 sll6 Pack-Grain TS - - - 13 
58 sll7 Grain-Pack TS - - - 13 
59 sll8 Pack-Grain TS - 20 3 2 
60 s861 Wack-Pack TS - <<1 - 4 
61 s862 wackeston TS - <1 - 4 
62 s863 Wack-Pack TS - 1 - 4 
63 s864 Packstone TS - 2 - 5 
Footnotes: 
s72-Debrite with (a) packstone matrix, (b) grain-pack clasts. 
(%)Modes 
Cl) Cl) Cl) Olro ro ~ Q) 8. ... Cl) Q) .2l <ll'-· .... Q) +" "COl Q) Q) .s::. - '2 :J ·-- - -0 Cl) c·- o'2 
-c:5 (/)· 0. ro 0 ... ::.5 s ~ Cl) 0 Cl) :a .E Q) "C Cl) 0 
-
E EE =E -~ -u '(5 "C '(j ro :J .... .... ·- ro £ro .2 ro ·;:: ro .... ro ro ~ .c ... u Qi '(5 8 ... :J (j,g :: .... ~ ... a o.e ::22 Q) 0... q,_ ..5 0 en 
5 10 - 1 - - 1 <1 - <1 10 10 35 
8 30 <1 <1 3 - - <1 - <1 7 25 6 
6 7 <1 2 2 - 2 - - 1 7 5 50 
7 10 1 3 1 - 2 1 - <1 7 5 46 
1 7 - 1 - - 2 <1 - 1 6 - 60 
3 5 - 1 - - 12 1 - - 7 - 45 
10 10 <1 1 - - 1 - - <1 7 - 40 
7 10 <1 1 - - 1 1 - <1 5 - 45 
4 - - <1 - - 4 - - . <1 2 - 56 
- - - 10 - - - - - - - - 80 
<12 10 - 5 - - 1 - - - 3 <1 35 
1 10 - 7 - - 4 - - <1 2 4 36 
6 10 - 5 - - 3 - - <1 6 - 59 
3 20 - 1 - - 4 - - - <1 17 22 
6 8 <1 <1 - - 2 <1 - <1 7 9 38 
4 12 - 1 - - 5 - - - 12 30 13 
2 20 - - 2 - ·<1 - - - 5 8 23 
1 10 - 7 - - - - - 1 1 3 55 
1 <1 - <1 - - 1 - - <1 1 - 70 
1 15 - 4 - - - - - 1 1 5 50 
1 33 - 1 - - - - 1 '1 4 5 40 
s75-Debrite with pack-wack fabric. s78-Debrite with packstone fabric. 
Cl) 
Cl) E Cl) 
c .... 
Cl) 8. -(I) Q) "C Q) ... «!+" ro 
'8 Q)CI) 0 ... ro ·- 0 0 0>~ .E .Q- Cl) u 0 0. o,o N iii c c::l ro ... Cl) t;-c ro o.!:! .... ... 0 ~ .... ~ - Cl) 0 "C ·- :J 0 0.0. Cl) ro Qi u 
::2E Q) () w en(/) 0 (!) 0 u. 
- - - 5 5 1 - 1 -
- - - 3 <<1 <1 - - -
- - - 3 3 4 - - -
- - - 5 1 2 - <1 -
- -
- 7 7 5 - - -
- - - 9 9 7 - - -
- 4 - 20 - 3 - - -
- - - 21 - - - - -
- - - 25 - 3 - - -
- - - 3 3 1 - - -
- - - 20 15 1 - - -
~ 
"1::3 
i 
~-
0;, 
- - - 10 15 2 <1 - -
- - - 5 - 1 - - -
-20 - - 25 - - <1 - -
- - - 10 - 2 1 - -
- - - 10 - - - - -
3 - 5 5 - <<1 - - -
- - - 1 )5 <1 - - -
- - - 9 10 <1 - - -
- - - 1 16 <1 - - -
- - - <1 3 1 - 2 -L___ 
V1 
w 
w 
Upper Aravis (%)Modes 
Megabreccia Horizon II) II) II) <llro (I) (I) II) Q) Q) 
(I) '0 Q; Q) Q) <ll'- ... ... II) E (/) (arranged in order as sampled NE Q) 0 (/) D '0<1> Q) Q) II) '0 Ol 0. u; - ·-- . - - -II) c 
... 
'0 .. (I) 
-ro (/) II) 0 
.s:::. ·c: ::l c·- o'c 
'0 :~ ro- (I) Q) Q) (/) 0 0 2 a Ol Q) 0. (I) 
-
,_c Q) 
·- 0 '0 0. to SW along the Aravis Chain) ~ u; :c II) 0 II) ~i'E :E .E -
Q) D- 0 0 Ol~ 0 .E c > '0 II) II) u 0 
-
E =E ·.:: 
-
oo N II) c::l (I) 0 Cl) Q) 
-ro 0 ·o '0 '(3 (I) ::l ... .Q (I) ·;::: (I) ~ c ... 0 ~ Sheet 1 of2 '0 (I) ... ·-(I) g(l) (I) t-o :c o.2 ... -'0 Q) (I) ·s 
-ro ... (II 0 D._ 0 ~ .... - II) 0 Q) ::J > .... Qi :E ::l ~ '-0 :ll(5 ;:: ..... 0. ~ ·- ::l 0 0 0.0. II) <1l a: (5 a: co co a.. 0 () a 0 o- \)- ~.E (f) ~E co () w (fjCI) 0 (!) 0 ~ 
Combe Paccaly 
1 5170 Packstone TS - - - 5 5 22 - 1 5 - <<1 - - <<1 7 12 25 - - <<1 12 - - - <<1 -
2 s171 Deb rite TS - - - 6 7 12 - 1 2 - 1 - - <<1 9 - 46 - 2 1 8 1 3 - - -
3 S172 From est one TS - - - 3 1 1 - 2 - - - - - 1 <1 3 37 1 - 40 2 3 <1 3 1 A -
4 5173 Deb rite TS <1 - - 5 5 5 <<1 3 - - 1 - - 1 7 <1 37 - 6 5 20 1 5 - - -
5 s174 Packstone TS - - - <1 <1 37 - 7 - - - - - <1 1 10 15 - - - 13 7 2 - 5 . -
6 S723b Packstone TS - - - 7 10 3 1 1 8 - 7 1 - - 1 - 15 - 12 12 1 3 <1 <1 8 -
Combe Grand Cret 
7 s2 Wack-Pack TS - - - 5 5 14 - 7 - - <1 - - <1 35 5 30 - - - 7 20 <1 - - -
8 s3 WackestonE TS - - - 2 2 - - - - - <<1 7 - - - 10 55 - <1 - - 5 5 2 10 -
9 s6 Packstone TS - 1 - 4 4 4 <1 - - - 7 - - - 5 - 40 - 10 10 15 - <1 - - -
-
10 s29 Pack-Grain TS - <1 - 5 5 35 - - - - <1 - - - 5 10 24 - - - 15 - - - - -
11 s30 Grain-Pack TS - <1 <<1 4 4 40 - 5 - - <1 <1 <1 - 6 20 5 - - - 7 - 6 - - -
Combe Bella Cha 
12 s698 Grain-Pack TS - 2 - 10 6 15 1 7 2 - 2 1 - 1 5 18 18 - 1 - 5 5 1 - - -
13 s700 Grainstone TS - - - 21 12 32 - - - - - - - - 7 10 - - 3 - 15 - - - - -
14 s697 Pack-Grain TS - 1 5 7 5 10 - - 7 - - - - - 3 10 10 - 1 33 5 - - 3 - -
Combe Torchere 
15 s630 From-Grain TS - 1 - 28 <1 1 - - 3 - <1 - - - - 20 1 - - 40 2 - - - - -
16 s631a Debrite TS - - - 7 7 15 - 1 8 - 2 - - - 17 16 9 - - «1 18 <1 - - - -
17 s631 b Deb rite TS - - - <1 14 10 <1 <1 10 - 14 - - - 8 - 18 - <<1 - 20 <1 2 - - <<1 
18 s632a Deb rite TS - <1 - 8 10 18 <<1 1 5 - 2 - - - 7 17 10 - - 1 19 <1 - - - <1 
19 s632b Debrite TS - 4 - 15 3 9 <<1 <1 5 - - - - 1 1 8 9 5 6 18 9 <1 - 5 - -
20 s633 Deb rite TS 1 1 - 2 15 . 1 - 3 1 - 1 2 1 - 1 - 50 - <<1 10 10 1 <1 - - <<1 .. 
21 s635 From-wack TS - - <<1 9 9 <<1 - <<1 - - 3 - - - <<1 - 35 - 2 25 3 - - 1 I)o c.._!_ 
~~- -~ 
Footnotes: 
s171-Debrite with pack-wack fabric. s172-Corals extensively dolomitized. s173-Debrite with packstone fabric. s631-Debrite with (a) packstone clasts, (b) arenitic-wackestone matrix. 
s632-Debrite with (a) packstone matrix, (b) pack-framestone clasts. s633-Debrite with wackestone fabric. s765-Debrite with wack-pack fabric. 
;;t.. 
~ 
"' E.. 
~· 
t:x:l 
V1 
w 
.j:::. 
Upper Aravis (%)Modes 
Megabreccia Horizon </) </) </) Oleo co co </) Q) 
"0 Q) E 
<ll .... Q) Q) <ll'- .... .... (/) Q) 0 Q) </) ..c :22 Q) Q) .... (arranged in order as sampled NE 0> 0. -:;; - - - -</) c Q) <ll </) .£:. ·c: :I c·-
"tl :5 <ll ...... <ll ro </) 0 u'E "tl 0> Q) </) 0. <ll 0 ...... ·- c Q) ·- 0 0 to SW along the Aravis Chain) Vi £ (/) :a·E :;: .E .... 2 ..c- </) 0 (ii c > "tl </) rl) u u. ..... E =E ·;:::: ou N ro c (ii u ·o '(3 :I ... ·;::: <ll Q) 
"tl "tl <ll <ll .... ·- <ll .l:!<O .Q <ll .(<:l t;-o Sheet 2 of2 "tl Q) :I > <ll '(ii ·o (ii .... <ll ~ ..c .... J£ ~£ 0. u > 0 .£:. Q) ... 05 ro c a :I '-O ~ ·- :I .... u 0::: (!) 0::: a.. 0 (.) a o- (f) ::;:E CD (.) w ,- Combe Torchere 
I 22 s636 Framestone TS 1 - <<1 7 7 <<1 - <<1 - - <1 - - - - - 27 - 5 33 7 
I 23 s752 Framestone TS - - - 2 - - - 3 5 - <1 - - <<1 <<1 1 40 - - 39 <<1 
24 s761 Grain-Pack TS - - - 5 2 24 - - 1 - 7 - - - 10 16 6 - - - 28 
25 s762b Framestone TS 1 - - 2 2 <1 - 3 - - - - - <<1 <1 - 20 - - 70 <1 
26 s765 Debrite TS - - - 3 2 1 <<1 2 2 - 2 - - 1 4 4 58 - <<1 1 14 
27 s766a Deb rite TS - - - 3 3 5 - 5 - - 1 - - 1 5 - 65 - <<1 - 8 
28 s766b Debrite TS - 1 - 2 5 10 - 10 - - 1 <1 " <<1 12 8 18 - - - 15 
29 s767a Deb rite TS - - - 3 3 5 - 5 - - 1 - - 1 5 - 65 - <<1 - 8 
30 s767b Deb rite TS - 1 - 2 5 10 - 10 - - 1 <1 - <<1 12 8 18 - - - 15 
31 saoo Packstone TS - 1 5 10 2 2 <<1 2 - - 2 - - - 1 - 30 - - 31 5 
Col des Aravis 
32 s89 1 Grainstone TS - <1 <1 10 10 12 4 - 10 - - - 5 - 5 22 - - 6 5 10 
33 s92 Pack-Grain TS - - - 5 5 25 - <1 - - 2 - - <1 8 3 20 - - - 30 
34 s96 Pack-Grain TS - - - 5 5 25 - 1 - - 3 1 - - 10 14 10 - - - 25 
35 s97 Pack-Grain TS - - - 2 2 30 - 1 <1 - 1 - - - 3 11 10 - - - 25 
36 s98 Pack-Grain TS - - - 1 1 30 - 1 - - 1 - - - 5 17 10 - - - 25 
37 s99 Dolomite TS - - - - - - - - - - - - - - - - 5 - - - -
38 s119 Wack-Pack TS - - - 3 1 5 - - - - 5 - - <1 2 6 62 - - - 10. 
39 s120 Grain-Pack TS - - - 2 1 25 - 1 <1 - 1 1 - - 4 16 10 - - - . 34 
40 s84 Packstone TS - - - 2 1 40 - - <1 - 1 - - <1 4 7 10 - - - 32 
Footnotes: 
s765-Debrite with wack-pack fabric. s766-Debrite with (a) wackestone matrix, (b) packstone clasts. s767-Debrite (a) wackestone matrix, (b) packstone clasts. 
</) 
</) 
"0 
"'C 0 Q) Q) </) ... 0 0. ..... ! Oll!? .E u e c:J ro </) 0 o.!:/ .... -:;; :2 0.0. 0 (!) co Q) (f)</J 0 (!) 0 u.. 
- 1 1 5 3 
<1 <<1 - 5 <<1 
- - - 1 -
<1 1 - - -
1 3 - - -
2 1 - - -
12 3 - - -
2 1 - - - I ;:t:.. :g 
12 3 - - -
1 1 1 6 <1 I a ~· 
0:1 
- - - -
- <1 - -
- 1 - - -
6 1 - 5 -
- 1 - 8 -
- - - 95 -
3 2 - - -
- 3 - 1 -
- - - - -
..... 
······-
Appendix C 
Graphic logs and sample locations 
List of graphic logs: 
La Clusaz Road Section 
Cluze Road Section 
Les Combes 
Col des Aravis 
Col de Encerenaz 
Col d'Landron 
Col du Spee 
Combe de Ia Bella Cha 
Combe de Grand Cret 
Combe de Ia Grande Forclaz 
Combe de Paccaly 
Combe north of Pointe Percee 
Combe de Tardevant 
Combe de Ia Torchere 
Le Creuse 
Petit Bomand Road Section 
Pic de Jallouvre 
Point du Midi 
Roc de Leschaux 
Roc des Tours 
Thone 
Stratigraphic and spatial positions of samples in: 
Lower Aravis Megabreccia Horizon 
Upper Aravis Megabreccia Horizon 
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Appendix C 
Graphic logs and location of samples 
Note: 
Macroscopic limestone constituents observed in the field are symbolically illustrated on 
these summary sedimentary logs. For detailed description of microscopic sediment 
composition at any particular level within a log refer to the relevant sample number in 
appendix A. 
Key to symbols for logs 
D Limestone 
M mudstone 
w wackestone 
p packstone 
G grainstone 
F framestone 
B boundstone 
X Non-exposure 
@ Ammonites 
£2:.. Micrastsers 
#'" Redalgae 
0 Undifferentiated foraminifera 
...CV Orbitolinidae foraminifera 
@ Oncolites 
#Burrows 
~Cross-lamination 
~Cross-bedding 
~rough cross-bedded 
~Convoluted bedding 
:~ot>~~Debrite/Breccia 
0 Diagenetic doggers 
Shale 
~~).).)-I Speckled dolomite 
~ T I I 1~ I (I • 
I I I I' Pervasive dolomite 
Arenite 
Calcarenite 
Glauconitic Greensands 
Chert horizon 
- G - G - Glauconite rich horizon 
..::::::1 Brachiopods 
J Rudist bivalves 
'$.... Rudist bivalve fragments 
~ Bivalves 
cJ Oysters 
~@Corals 
G) Sponges 
---zr-zr- Palaeokarst surface (PK) 
~ Dissolution cavity 
536 
Shallowing upwards 
sedimentary package 
("parasequence") 
U1 
w 
-...! 
~ Site of Sedimentary Log 
1 La Clusaz Road Section 
2 Cluze 
3 Les Combes 
4 Col des Aravis 
5 Col de Encerenaz 
6 Col de Landron 
7 Col du Spee 
8 Combe de Bella Cha 
9 Combe de Grand Cret 
10 Combe de Ia Grande Forclaz 
11 Combe de Paccaly 
12 Combe north of Pointe Percce 
13 Combe de Tardevant 
14 Combe de Ia Torchere 
15 Le Creuse 
16 Petit Bornand Road Section 
17 Pic Jallouvre 
18 Pointe du Midi 
19 Rochcrs de Leschaux 
20 Roc des Tours 
21 Thone 
:G" 
'"c5 
~ 
~ 
() 
6 
Sample numbers 
a1088a ,.....a1088b ,..._ 
a1087 
a1086 
a1085· 
a1080 s147 
Scale 
Metres 
S144 
s142 
s139 
AppendixC 
LithoiOQYM WP G'F B 
I I I I II 
©p 6£i-p.o~ 
le~ @ 
? ~ 
Notes 
Large coral palcb reefs 
Log: La Clusaz Road Section 
(Part one of two) 
and rare rudists (fragments?) 
in a grainstone matrix 
Abundant rudists 
in wackestone m~trix 
Weathered white dolomitic packstone horizon containing rare rudist fragments 
Speckled dolomite 
I L 
D 
I 
______ j 
Weathered pale grey 
Dolomite-weathered white-grey 
Rare rudist fragments 
(grainstone ghost textures 
preserved in thin section) 
weathered pale grey 
very rare rudists fragments 
Massively bedded 
highly fractured 
coral patch reefs 
----
Massively bedded 
Well bedded with beds 
0.5 me!rl'.s thick 
Bedding Jess distinguishable 
(massively bedded) 
Thinly bedded 
weathered dark grey ll s138,.....L,__ ___ ---f 
I II I II 
M WPGFB 
538 
E 
Sample numbers 
s50Q 
EX 
FX 
GX 
HX,...IX 
s159 
s497 
a1088a,.... a1088b 
Scale 
Metres 
3.1087,.... 
Appendix C 
11 
71-71--
P; ll{, 
P,i7 f/p 
1.,;?6 
llp Pp 1l 
Log: La Clusaz Road Section 
(Part two of two) 
Rich in large red alga~ Massively bedded 
Weathered dark grey 
Rudists sparse Urgonian sensu lata 
Massively bedded 
weathered pale grey Black coloured rudists 
Rudists abundant (pbosphatized?) 
Rudists sparse 
Rudists abundant 
Rudists sparse 
Sm3ii'iieptuni~n dykes (1-2cm) 
beneath bedding plane 
_ ~dists aqundant 
_ Rudi~ sparse 
_ Ruaist rich wack~-stone 
_ ~dists sparse 
Rudists abundant 
Grainstone 
Rudists sparse 
Rudists :1bundan1 
Rudist rich and rudist poor 
wack-packstone horizons 
alternating with one anothe~ 
Discrete wack-pack rudist rich 
horizons several metres thick 
occur interspersed with rudist 
poor wackestone, and rudist 
absent/fragment grainstone strata 
Massively b~-dded Weathered pale-gre) 
13cddcd (beds ::!m thid) 
Abundant rudists in pack-wack matrix. Some horizons have C\)arsc grainstone matrix 
Wack~-stunc with sparse rudists :ond spcckkd dolomite 
- "0:,;;;:;-well ro;.;d,;d coral and rudist fragmcnL~ --
-----Corals with rare rudists, specK tea aotonwc 
Abundant cornts (patch reef) and rare rudists 
w eathcred black 
---.------
Rudists very abundant 
--- ~di~p~ --. 
Abundant rudists ana rare corars 
------
urge coral patch r~-cfs 
and rare rudists (frngmcnts?) 
in a grainstone matrix 
Ma.•;sively bedded 
Weathered pale grey 
Abundant rudists 
in wackestone matrix 
I I I I I i rL~ MWPGF~ai 
o~ 
<ll 
539 
AppendixC 
Sample numbers Lithology M w p G Notes 
I I I I 
a854 Jj p 
---------
fj f} 
JJ ~ 
Log: Cluze Road Section 
(Part one of four) 
pf 
p p 
fj' p 
Rudists occur in discrete colonies · 
-------
pp 
pf1 
-- ·_p·--p t pale grey 
I 
--·----·----
change in weathering colour -
I small scale sedimentary 
. packages (parasequences) 
g; 
a849~ I I I .L 
a848.. oe>c:::>o·o--....., 
a847~ }1 p 
a846~ g7 ~ ff 
a844,.... /} p 
pale +hlte become indistinct 
~ shale horizon (4cm) 
IIIII breccia-rounded clasts up to 2cm in size 
~ pressure dissolution stylolites 
"IIIII shale (Scm) 
4 fP/z. orbitollnidae shale 
~;;;~;;;;~~~=----micro-breccia 
a840 
a839 
a838 . ~Shale horizon (Scm) contains 
a895 )lo.. a836 ~ aS3? ~ . orbitolinidae forams 
a835;~1o;;~~;d:~:..__ 
10 a834 - --- micro-breccia horizon (3cm) 
Scale 
5 Metres 
0 
III .I 
I 
I I I Gl IF MWP 
540 
Urgonian sensu lato 
Hauterivian 
CShown condensed 34 metres 
of basinal facies) 
T 
T 
10 
5 
0 
AppendixC : 
Sample numbers Lithology M w P G 
I I I I. 
a883 
a903 
a902._a878 
a901)11o.-
a877 
a897 
a872 
a871 
a867 
a866)11o.-
a865,... 
a864,... 
a863..~o.. 
ff p 
13 
p 
w 
_§!_ - - - -
a862A..-- -
a861 )llo.- p 
.ft y 
pjj 
p J 
a858,.... p 
I fJ J D 
p JJ 
jj 
a856,..._ J [} 
s 855a )llo.- p 
p 
a854 
I I I I 
MWPG 
Notes Log: Cluze Road Section 
(Part two of fol!r) 
very coarse (1-Smm+) well rounded grains 
coarse-grainstone matrix 
fine-grainstone matrix 
weathers dark grey 
very rudist rich horizon 
Rudists colonies less dense 
541 
small scale sedimentary 
packages (parasequences) 
indistinct 
10 
AppendixC 
Sample number Lithology M w P G f 
· I I I I 
Notes Log: Cluze Road Section 
(Part three of four) a939 
... ,.._ __ shaly lamination 
1-------...L..., 
a933 
a932aa932t> 
a931 
a930 
_]-._..--. ......... _.....--== 
a929x a929 a929 
a927 
a924 
a923~~-----~ 
a912~.J------
. t 
. weathered black 
macroscopic corals and algae 
..,__ boundary surface with minor· 
irregular topography (0·3m) 
~ oysters (up to 5cm in diameter) 
very coarse (1-Smm+) grains 
very coarse (1-Smm+ )grain::; 
irregular dissolution plane 
darker grey weathered colouration 
a911 ~ stylolitic dissolution plane 
abundant large corals (4cm diameter) 
Scale 
5 Metres 
0 
coarsens upwards 
~=====::::::::::i_ ~ thin micrite horizon (0·1m) bounded above 
and below by stylolitic dissolution planes 
I I I I I 
MWPGF 
542 
AppendixC 
Sample number Lithology M w P G sF Notes Log: Cluze Road Section I I I I I I 
. . (Part.f9ur of four) ;:::~-.~~:·:: ~ .::_~:.;··<· ;:· · :G~ ·-.::. ·Glauconitic Greensands 
non-exposure for 28 metres 
(shown condensed) 
10 
Scale 
5 Metres 
0 
a947 
a944 
~,?.>, 
~#~ 
a942 
a941 
,.. thin chert horion ( 4cm) 
shaly weathered /heavily fractured 
coarse (1-3mm+) grains 
weathered black 
irregular dissolution seams common 
corals and laminated algae 
weathered black 
....---stylolitic dissolution sea~s common 
... shale horizon (0·3cm thick) 
,.. shale horizon (3cm thick) 
weathered black 
sparse small corals and algae present 
. small scale sedimentary 
packages(parasequences) 
indistinct 
very coarse (1-5mm+)grains 
weathered black 
a939~L---------~~ 
I I I I I I 
MWPGBF 
543 
a61 
a60 
aSS 
.. ··· 
aSS 
aS7 
aS6 
aSS 
a1S8 
a1S7 
a1S6 
a1SS 
s 
4 
Scale 3 a1S4 
Metres 2 
1 
0 a1S3 
AppendixC 
P' 1' p> y'ft 
J7y ~ 
11 -..::-PJ"» 
p1 ,JJ 
y 
I 
p 
JP 
)1 
p1 
1 
J I 
p 
1 p 
1 
' J 
,i 
J-p 
y ,, 
p} p1 
.4 
.4 p 
~f?, 
' 
p 
"""" pY ,t:>· 
;P 
I I I I I 
MWPGF 
Log: Les Combes 
Silicification of rudists and other 
macroscopic skeletal grains common 
Thin calcarenite interlaminations 
Rudists occur in small colonies typically 
a few tens of centimetres in size 
Rudists are frequently locally surrounded 
by micrite in an otherwise pack-grain matrix 
Rudist individuals relatively small in size (1m) 
and thinner walled than those described 
at other log locations 
Rudist occur in colonies typically up to scm in size 
544 
N 
AppendixC 
Log: Col des Aravis 
MWPG 
s99 ~p::::z:::z::::::;~j_l .:_I ~I ~1 
s98'iii 
MWPG 
1 I I I 
s84 
s122 
I 
~d------
1 
I 
s81,.....1 1------1 
s115 
s123~ 
s97 
strata 
between 
megablocks 
Thinly bedded (0.1m) 
Thickly bedded.(0-5m) 
non-exposure 
basal 
debrite mega block 
bedded debrite 
· s90 s91 
Ill I 
mwpg 
s113 
s111 
s112 
Hauterivian 
545 
F Scale Metres 
MWPG 
1 I I I 
bedded 
sediment 
between 
<P <P megablocks -~ 
<g,~mwpg 8 
.vt>'ltll "a> 
massive 
mega block 
.... 
.ac 
co 0 
Cl.!::! s Q) .... E2 
.... 
Q) 
:!: 
0 
1
10 
Scale 
: Metres 
AppendixC 
Log: Col de Encrenaz 
Sample numbers Lithology M w p G B Notes 
I I I I I 
s480 ~ -~ji~-;p­
s479 ,...._ _; I.§ I 11 
s478 ~1--.....,.......----,==-"'=-1 s4 77 ,...._ -<> -<::>- ...a.- .... ,. ____ _ Orbitolinidae rich horizon 
s473 ,...._ -..::::>- 110 .o ~ 
p J1 j} 
s388 
s387,..._ 
s386 
L 
I 
s469~ .I 1---.------
0 
I I I I 
MWPGB 
Rudists in a pack-grainstone matrix 
Sparse isolated rudist colonies in a wack-pack matrix 
Weathered pale-grey 
Urgonian sensu Into 
Hauterivian 
thinly bedded 
546 
weathered brown 
micrastcrs (foxaster?) present 
AppendixC 
Log: Col de Landron 
(Part one of two) 
Sample numbers Lithology M WP G B I I I I I Notes 
Scale 
Metres 
a406~----- -
Coarse (1-3mm) well rounded grains 
trough cross-bedded 
Massive bedded 
weathered grey 
Weatherd pale-grey 
- _ _ _. ~ Weathered brown-grey 
_ _ _ _ _ :Weathered pale-grey 
a403 Weathered black Dedolomite 
a402 ---=:;:=~~~~2!g~~~t!;~~==- O"erlain by large (O.Sm) bored corals and encrusting oysters 
a401 TrreJ:ular stylolitic surface parrallel to bedding (PK?) 
a382 
a386 
10 
5 
0 
Weathered pale-grey 
Silicification of large skeletal grains 
3 j:f~~=~~~-c.=== Weathered dark-gr-:y 
- 4z:;;z~;:2;:~~:---- Weatherd pale-grey· ~ Dedolomite ~!:::..--....£::.:.....-~,---'~ Weathered dark-grey horizon, contains lots Silicification of large skeletal grains 
<? ~ "'"""'"' lJ ~ ofburrowsiborings in filled \\ith white coloured grainstone 
I I I I I \.-
MWPGB 
547 
&-ginning of Urgonian sensu Ia to? 
Irregular stylolitic surface parralel to bedding \\ith :!Ocm of topography·<l'K"!) 
Hauterivian 
Black~brown weathered thinly bedded packstone 
(10-60cm) alienating with shale (1-lOcm) interbeds 
flame structures indicate compaction 
large (1-5cm) micra<;tcrs (Toxastcr?) present 
Black-brown weathered thinly bedded pack-wackestone 
(10-60cm) alienating withshale (1-lOcm) interbeds 
flame structures indicate compaction 
large (1-."icm) micrastcrs (Toxaster?) present 
AppendixC 
Log: Col du Spee 
Sample numbers Lithology MWPGF Notes 
I I I I I 
10 
5 Scale Metres 
...... ..... - -~ ,..,.,---
a201 ~ 
r 
~ 4 
ry r 
4' 
a202 ~ 
d 8 
r 
a204 ~ 
a205 ~ ~ # 
? 
;PI 
a207 ~ ..d'r-4' r] 
a2os,.... I I I 
I T 
I I IZ 
ziT 
a209)1o.- ffi Jl Q<?'l 
a210)1o.- Z Z I I I 
a211 ,.... 
a212 ~ - - -------I I I I I 
MWPGF 
Abundant rudists in a wackestone matrix -pale grey 
548 
Reef 
Reef 
Po?r exposure pale-grey weathered colour 
Th1nly t>edded (O.Sm) 
Coarse pack-grainstone (grains up to 2cm in size) 
Parallel alignment of the long axis of skeletal grains 
and rhythmic alternations in grain size forming band 
10cm thick 
Brown-grey weathered colour 
Horizon weathered proud of face -pale grey 
Weathered brown-red colour 
associated with dedolomite 
Horizon weathered proud of face -pale grey 
Preferentially weathered back horizon 
Appendix C 
Log: Combe de Ia Bella Cha (SW Face) 
. (Part one of three)· 
Sample numbers Lithology M V{ r f F 
s705 ~ 
<7 8 4 .fiB 
,114 
Notes 
s695 
s695,.....s696 ,.....s694,..... ~ c!> _.-ITI~block-tc:>P heavily iron mineralized and colonized 
s698 8 ~ r . Dy encrustmg oysters. silicified sponges and corals 
I;; I 
0 s571 
Scale 
: Metres 
p 0-<7 0?8 
S Cb Upper Megabreccia Horizon 
megablock O tP 
5 
non-exposure (scree) 
fine-grains tones 
interbedded with shales 
thin (0·2m) glauconite rich horizons. 
heavily b<)red.in places dolomitized. 
and iron mineralized .quartz also present 
I I I II 
MWPGF 
549 
Lower 
Mega breccia 
Horizon 
Hauterivian 
Brown weathered 
thin mudstone/shale 
interbeds 
AppendixC 
Log: Combe de Ia Bella Cha (SW Face) 
(Part two of three) · 
Sample numbers Lithology Notes 
Scale 
Metres 
palaeokar~ts marked by thincal~reni~ehorizons above 
and infilling an irregular small scale basal topography (<0·1m) 
.induding vertical cracks/neptunian dykes 
densely packed isolated colonies of small rudists 
(average individal size 1cm) occur between palaeokarsts 
Rudists occur in isolated colonies 
associated with preferential sediment 
dolomitization 
coarse grainstone 
dissolution stylolytes 
thinly bedded 
!====::::::::!:::__.., micritic horizon 
i tt5 11 ozl! 
s708 ,.....1 /f Ji 
s707,....j 
s706 
s705~ 
Rudists occur in isolated colonies 
possible small neptunian dykes 
i I I l I 
MWPGF. 
550 
Appendix c 
Log: Combe de Ia Bella Cha (SW Face) 
(Part three of three) 
Notes Sample numbers Lithology M w P G F 
. I l I I I 
-.--.:----
. . . . . . Glauconitic Greensands 
.. G . · .. · ..• G. . 
s11,.... s858 ,....ssos ,..._ Ol <9 P.oP~ .'$1 ~Pe:Jifl. -Phosphatic ammonites and brachiopods PK · 
S
809 c c lmst platform-top breccia in places 
Scale 
Metres 
s849a 
s850 
--~ --vr~_.PK 
-c~c~PK 
·:.·· ···· C · · ·· .. c..;:::::::::_.PK Yl palaeokarsts marked by thin calcarenite horizons above 
. and i':lfilling ~n kregular small scale basal topography ( <0-1 
mcludmg vertical cracks/neptunian dykes 
densely ~<::'<~ iso!ated colonies of small rudists 
(average md1v1dal s1ze lcm) 
.....:..-:..~ ··!;· :;_.PK 
.-.-. c.-=::::c---0- ."i!...,.PK 
! 
........... C ::::=:: C f · · . · .· · · .-........:!.....: PK 
op of non-exposure/ 
551 
Appendix.C 
NE Face 
Log: Combe du Grand Cret 
s29,.... ~ 
(.) 
0 
::0 
~ 
CD 
E 
MWPGF 
IIIII 
s125,.....1-----t 
s28,.... 
s124 ,.....1-----.L, 
s25,.... 
s26,.... 
s27,....s126 
s127,.... 
s128,.... 
Upper 
Megabreccia 
Horizon 
129 ,..... Thin chert 
s131 ~130 ,....1----....L_--...J,......,tiorizon (s131) 
s132a,.... 
s132b~ 
:.:. 
u 
0 
::0 
(ll 
Ol 
CD 
E 
Lower 
Mega breccia 
Horizon 
Urgonian sensu lato 
Hauterivian 
552 
s2 
SW Face 
MWPGF 
1 II II 
onlap(s4) 
megablock(s2,s3) 
basal debrite (s6) 
1
'10 
Scale 
: Metres 
AppendixC 
Log: Combe de Ia Grande Forclaz 
(Part one of two) 
Sample numbers Lithology M w P G F 
II I I I 
Notes 
......._ __ ,_ ___ _
@ 
s614,....s611,.... V ...::::7 8 
1
10 
Scale 
: Metres 
s610 ,.._ .o- ..a. -G~ -<::/ ""' c - Orbitolinidae rich horizon 
s612 ,.._ e> Jf} ..4 £ 
s602 
6' Cf1 -mudstone horizon (0.1m) preterentialy weathered back 
!=======!-mudstone horizon (0·1m) preterentialy weathered back 
I=======:·- mudstone horizon (0·1m) preterentialy weathered back 
,...~~::;;;;~~~b- pebbly/nodular lmst horizon (0.3m) 
-Rudists l======:::s:~...::;-mudstone horizon (0·1m) preterentialy weathered back 
}======(--- mudstone horizon (0·1m) preterentialy weathered back 
s591,.._ - very tine pack-grainstone horizon (0·1m) 
preterentialy weathered back 
-micritic horizon (0·1m) 
preterentialy weathered batk 
s587 ,.._ .1? Jl l? 
s586,.... - - - - - -
p § 
Discrete rudist rich horizons occur 
within a continuous mud-wack 
sedimentary matrix 
y~!_~_ 
---first appearance of rudists 
I I i I I 
MWPGF 
553 
AppendixC 
Log: Combe de ·ta Grande Forclaz 
(Part two of two) 
Sample numbers Lithology M w p G Sst 
I I I I I 
Notes 
1:0 
------
G" 
·G." 
G 
Glauconitic Greensands 
G. G. 
,___,.,.._......, ;.....~,;.---r-4---minor karst topography (<0·2m). Pyrite coating 
s624b ,...s625)111o-- . 
s62 -.. -. C~C. · · · ·.-PK Paleokarst marked by quartz dolomite horizon 
I I infilling a minor irregular karstic topography at its base 
(0·3m) including neptunian dykes 
fJ 
s617 JJ 
Scale s615 fl 
Metres 
~ 
s614 ,...s611 )IJo.. C) ..:::::7 8 
----thinly bedded 
I. ·I -PK? speckled dolomite and quartz rich horizon 
·I 
Grainstone with very sparse rudists 
y::-
I I I I 
MWPG 
554 
NE Face of Combe 
A 
.:.< 
(.) 
0 
:0 
"' 0> (1) 
719,..._ E 
2 
c 
~ 
"' (.) 
-ro 
MWPG U 
I II II 
Appendix C 
Log: Combe de Paccaly 
Centre of Combe 
s176 
correlates to X-beclded 
para5equencein 
Combe Grand Cret 
2 
·c: 
~ 
"' (.) 
MWPG ~ 
I I ill 
s37 ,.... fZ:~'E!Za 
s38 s36 ,..._ 1 PS 
//.;; 
s35 
.:.< 
(.) 
0 
:0 (0 
0> 
(1) 
E 
SW Face of Combe 
c MWPG 
II II 
s163~~0_:z=--s164,..._ // iron staining s165,..., ... of X-bed surfaces 
s162~ s161¥• pebbly/nodular lmst 
B heavily bioturbidated 
-"' (.) 
0 
:0 
(0 
0> 
Q) 
!: 
(0 
"i:i 
(.) 
Q) 
15 c 
"' 0 0> N ~ ~ 
_____ a.1039 ,....~.,88~o.J ~G-G _j -Glauconite rich horizon 
Hauterivian 
(note: rotational blocks down cut significantly into Hauterivian stratal 
internal bedding of megablocks inclined) 
555 
i10 Scale ~ Metres 
AppendixC 
MWPGB 
Sample numbers Lithology 1 1 1 1 1 Notes 
Log: Unnamed Combe 
North of Pointe Percee 
s565a ... 
s565 ,.... 
s564,.... 
5563 ... 
s562 
s561 
s560 
... 
... 
,.... 
s559.._ 
s558 ,.... 
s557 ,..._ 
s556a ,..._ s556b .,..._ 
s554 ,.... 
1
10 
Scale 
:Metres 
s553 ,..._ 
s552 
s551 
s550 
s549 
,.... 
... 
: 
s548 
s547 
s546 
s545 ,..._ 
~ 
,.... 
~ 
s544,..._ 
s543,..._ 
s542 ,.... 
J7 §I 
JJ ~ 
~ ; 
p 
p p 
p 
r» r-4 
"0) Y a 
~v-..P..LJ 
""(>.. 
~B 
~ t& 
QJB& 
1 
eo&& 
:///j 
}7 ); 
7/'l 
II I I f 
MWPGB 
Rudist colonies in wackestone matrix 
Rudists and coral "colonies" in pack-grainstone matrix 
nudists occur in isolated colonies 
massive limestone 
Reef 
Reef 
thin mudstone horizon preferentially weathered back 
thinly planar bedded 
massive limestone (poorly exposed) 
Reef 
thinly planar laminated 
thinly bedded 
massive limestone 
Cross-bedded echinid/peloid sands 
Green algae include charophytes 
massive limestone 
556 
Appendix C 
Log: Combe de Tardevant 
NE Face of Combe SW Face of Combe 
,
10 
Scale 
: Metres 
A 
B 
s69._ 
MWPG 
I I I I 
sed1ment deposited m lee of L-----"7''....-. . . -{s68._ ~ 
block-top topography sS7 ._ :=--
MWPG/ 
I i I l 
/ 
/ 
/ 
/ 
s66/ 
/ 
megablock 
s63 
c 
0 
.!:! 
0 
.t= 
<0 
·u 
u 
(I) 
..0 
<0 
C> 
(I) 
E 
Q; 
mega block 
basal debrite --•-tx::x=c}~ 
. iron mineralized-..s532 
/dolomite/glauconite 
heavily bored horizon 
G -G- Hauterivian 
s611 ~ s62 
s64 ~T-4-basal debrite 
debrite 
557 
Sample numbers 
AppendixC 
Notes Log: Le Creuse 
(Part one of two) 
[ 
a983 
.-Dolomitized burrows terminating 
Ez:32z:~~z:3:!23J upwards at a bedding plane 
···p 17 
F 9 
a981b a981 tJJ 5 Rudists in mud-wackestone matrix speckled dolomite 
a979 ;r 
a978~ p j! p 
a975 
a974 
a973 a972 T Jlp 
Scale 
Metres 
a969 
s739 
s738~ 
s737~ 
s733~ 
s732~ 
s731 ~ 
~ cz& m 
ro CD,.- G) 
----
z7 z 
Coral rich 
Rudists occur in discrete colonies in overall wack-pack matrix 
(at some horizons(?) grainstone) 
abundant rudists and corals occurring together 
sparse rudists in a wackestone matrix 
gradational change 
Abundant corals 
Bedding parallel stylolites 
Tit in pcrsistant horizon w<!athcrL"d proud of face (calc!luroa<litc·!) 
I r I I 
558 
Appendix C 
Log: Le Creuse 
(Part two of two) 
2 
·c: 
Sample numbers Lithology MWP G F ~. Notes 
r;:;-=-:-:==--=-'"..:..1_1 I I I I lauconitic p:rcensands. 
!='=======*"==~ hosphatic ammonites and bivalves occur at contact 
Thin calc-arenite horizons (3-5cm thick) (PKs?) · 
Small rudist rich horizon (5cm thick) (average rudist size 1-2cm) 
Panial chenification of rudists shells common 
a995a a995b ,..._ Z::Z:Z::Z:=2cL~ 
1
10 
Scale 
: Metres 
Black (phosphatized?) rudists 
a994 
IT .pI 
I l ~- e - ~ -,; .---- Rudists occur in discrete bedding 
. /;1 b' b' .B parallel horizons 0.5-1.5 m thick 1------
a992~p~ 
a9911) 
I 
I 
f 
L 
I , 
a986,..._ 
F 
T 
I I I I I 
MWPGF 
Rudists individuals up to Scm in size 
Rudists in a wack-grainstone matrix 
speckled dolomite 
559 
AppendixC 
Sample numbers Lithology M W P G B 
I I II I 
Notes Log: Petit Bornand 
Road Section 
1
10 
Scale 
: Metres 
a749,..._ 
a748 ,..._ 
a744 ...... ~-- Cavities infillcd with greensands and debris clas!S of Urgonian 
forampelsparite, possibly formed by _dissolulion and subsequent 
cavity collapse during platform-lop-subaerial exposure which 
terminated Urgonian limestone deposition 
a 725 ~.j::]~::J~=r~-- Rudist fragments and indeterminate large 
skeletal grains with oncolitic micrite coatings 
a743 -~----­
a23,..._- --- f_--
~ p 
lJ 
a22 ... -- ---
.4 ~ 
f1 
a21 ,....._ ~-- -p_-
a2o· --w----p 
a19.._-~-- _p_ 
a18 -17-- -p--
a742 - P- - JJ-
a741 
a740 
a739 
a738 
a 737 ~::z;::z:;::::;q;::z;r---..J 
a736--t~~~~~~ 
s735 
a734 
a733 
a732 
8 4 
- ""21 - - ·- - -
-..4,p-~8--
8.d 
a731 
a730~~---------4 
a729 
ITT IT 
IIIIII 
I i I I I 
MWPGB 
Rudists become more abundant again 
I Rudists very sparse 
560 
Rudist colonies occur in distinct bands 
parallel to bedding several mctrc.o; thick 
in a dominantly mud-wackestone matrix. 
These rudist rich horizons arc interspersed 
with wackestone strata in which rudists arc 
very sparse or absent 
I 
t 
Weathered pale grey 
Coarse well rounded grains (1-5mm+) 
Weathered white-grey 
Small rudist colonies in wack-packstone matrix 
i 
Coarse grained 
broadly coarsens upwards 
Weathered black (dolomitic) 
coars~ns upwards Urgonian sensu lato 
Hauterivian 
AppendixC 
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Sample numbers Lithology M WP Gf us Notes llllll<u 
.------=--i 
Log: Pic de Jallouvre 
e w Whit~pale grey mottled weatheri~g 
a799 -----
Wp ~ 
a798a a798 .... 4----- Dedolomitized horizon 
Jj p 
p 
a797 
w 
a796 I I Z T Speckled dedolomite 
J1 
Speckled dedolomite 
Pale grey-white rudist nch strata 
Appearance of rudists 
a793.,l--------l 
a782 
a778 
a776 
a773 
a771 
Coarse well rounded grains ( 1-5+mm) 
coarsens upwards 
C.oarse (l-5+mm) well rounded grains 
fine upwards speckled dedolomite 
Reef 
speckled and veined dedolomite 
corals extensively dedolomitized 
'-:~===: iDed~o~lo~n~li~lic~borizon ....,..~..._.'--'--~!...L,..,:""' Sharp conracl with preferentially weathered back horizon 
Reef 
Speckled and veined 
dedolomite common. 
a769 ~Z:f:E~~._ __ Qedolomitizcd horizon (pale pink-grey) 
Thinly bedded 
. Thinly bedded (20cm) 201 dedolomitic veins common 
1
0
0 J~t~s 
Urgonian sensu La to weathered pale grey 
s280 ~ .·.·.·.:·.i·:, ·.-·: :··.--··· :.· :· ::-.···· -Calc-an:nilcalsoront~inscl!luC<.'Ililc - - -- --(.; Ch -, - Hauterivian 
Ch-=._ Ch _]~·lbin <xm)chcrt honzon~ brown weathered 
I i I I 1 I 
561 
Toxasters (?) presen: 
10 
Scale 
5 Metres 
0 
AppendixC 
Log: Pointe du Midi 
a826 
a827,..._ II 
a828 
a829 
a830 
a831 
a832 
a814a813 
a812 
a811 
a810 
a809 
a808,..._ Q9 
I 
a807~ 
a806~ 
a805~ 
a804~ 
z 
a803,..._ 
a802,..._ 
a801,..._ 0 
€13 
~ C} 
I :r 
I 7. 
~ ~ 
I I I I I 
MWPGB 
Notes 
Red iron-stained shale interbeds ( <10cm) 
Speckled dedolomite has red-pink coloration · 
Coarse (1-2mm) well rounded grains 
Rich in corals 
. stylolitic fracture parallel to bedding 
562 
Coarse (1-2mm) well rounded grains 
Shaley weathered 
'very coarse (1-5mm) well rounded grains 
fines upwards 
Very coarse (1-5mm) well rounded grains 
Coarse (l-2mm) well rounded grains 
Thinly bedded (20cm) 
Appendix C 
Sample numbers Lithology M w P G B 
I I I I I 
a315~...------. 
a314 ,...I------~::;____ I 
a294,..... 
a293 ,.....1---------1 
a285,... 
Notes Log: Rochers de Leschaux 
Abundant discrete isolated rudist colonies 
in a wackestone matrix 
Weathered pale-grey 
t 0 
'in situ' rudist colomes 
-.1-
ThijlY bedded 
• 0 Very coarse (up to 5mm) well rounded grams 
including coral and rudist fragments (i.e not in siw) 
weathered white 
__.1_ 
gra<>Sy areas obscuring exposure 
Note: Exposure weathered into a series of 'steps' rclle~tin; 
original depositional packaging of sediment and possible 
corresponding to parasequences 
·.··1 Fine grained 
Coarse grained (l-2mm) 
weathered pale-white 
Fine grained 
weathered dark-grey 
1
10 
Scale 
: Metres Weathered black 
II I I I 
MWPGB 
563 
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Log: Roc des Tours 
Sample numbers Lithology M WPG F 
II I I I 
s56,... 
· s52,.... s58. s59. s60,..._ 
s53 ,...s57 ,..._ 
s54,..._ 
0~~@ 
II'- J> 8 lfl- ~ 
tf (j Q<O 
s51,... 
s50A s50B,..._ 1::1-~ VI;a PK ". 
1: 
Scale 
Metres 
s49,..._ 
s48,... 
s47,.... 
& ~.zB 
-,r 0' 
F 
" 
... ~ 
B 5 
s46,..._ 
s45,..._ 
fi ~ ~I I~I 
s44,... 
s43,..._ 
s42~ 
s41...._ 
s40,..._ 
s39 ,..._ 
~ ~ 
~ 
~ ~ 
~ 
~ ,,, 
~ 
~ 
C!K 0 
£j( 
or T 
I. 
~ 
Cf'Oj/' 
~ 
7 
I I I I 1 
MWPG F 
Notes 
As traced laterally NW-SE this parasequences internal 
sedimentary structure changes from thinly bedded (s53) 
becoming massive (s52-possible reef) followed by 
convoluted bedding associated with diagenetic doggers 
(s58, s59, s60). 
Oobiomicrite. Burrows lined with quartz and infilled 
with silt and iron stained dolomite (Terra rossa) 
Note: 
Succession divided into nine stratal packages, based on differential weathering and 
subsequent petrographic examination, which are interpreted as representing individual 
shallowing upwards parasequences 
564 
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Sample numbers Lithology M WP G F 
.-----__.~1....;..,1 I II 
Notes 
Log: Thone 
{Part one of two) 
1
10 
Scale 
: Metres 
asss,..._ I I I I 
I Ip_ I 
Ip I Z I 
TIPI 
IeieJP 
Coarse rounded grains (upto lmm) 
Rudists in wack-pacKStone matrix 
Speckled dolomite. Dolomite replacing rudists. 
Dolomitic breccia 
~ Bedding parallel surface with minor topography (IOcm) 
~·~~~~~L...,~ ooinsiding with facies change. Erosional surface. 
...-.::'-"-'"-"'"......,.,__,__....._....__...._ __ Rudist wackestone 
a566 
a562 
a455a a455d 
a452a a452b 
a451 .. ~~~~~~--. 
a450 
a447 
a446 .. ·L-----------~ 
I I I I I 
MWPGF 
Bedding parallel surface with minor topography (IOcm) 
ooinsidinl!; with facies change. Erosional surface. 
Rudists in wackestone 
matrix with speckled dolomite 
Finning upwards 
Weathered white 
Stylolitic surfaces parallel to bcddding 
Weathered grey 
. Weathered pale-white-grey 
Cross-laminated 
Massive-weathered brown-grey 
565 
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Sample numbers Lithology M WP G F Notes 
a624a a624b 
a622 
a621 
a620 
a618 
a617 
a616 
a615 
I I I I I 
rudists sparse 
Massive 
,...- Possible onlapped surface 
- Coarse grain-packstone 
Log: Thone 
(Part two of two) 
rich in oysters and bivalves 
possible phosphatizcd grains 
a602a a602b--J-------1 
1
10 
Scale 
: Metres 
a598~·~------~ 
}!? I Jj l 
ra I 
- tlf} 
T "P 7 I - -
fllpL 
T 
-/J:I f}I 
a595~·~L _________ . 
I I I I I 
MWPGF 
566 
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Log: Col de Landron 
(Part two of two) 
Sample numbers Lithology M WP G s 
.-------'--'-l., I I 
5 
a423 
a424 
a422 
a421 
a420,..._ 
a418~ 
a417,..._ 
a416 
a414 
a410 
0 a408 
II I I I 
MWPGB 
Notes 
Small scale alternations between 
grainstone and wackestone laminations 
grains well rounded 
Due to poor nature of exposure it is difficult 
to distinguish cross-bedding, however, 
continued presence of systematic small scale 
grain-size altenation of bedding (typicaly Scm thick) 
suggests contined hydrodynamic agitation. 
J Coarse well rounded grains weathered white dedolomite 
l Ded 1 . Coarse well rounded grains ' 0 omJte weathered white Poor quality scraggy exposure beside pat~ 
567 
Coarse well rounded grains(l-3mm) 
discrete small scale stratigraphic 
allernations (up ;o 5cm thick) 
of grain-size within this range 
trough cross-bedded 
Upper Aravis Mega breccia Horizon 
u· 
:.C:· 
a. 
~ .. 
Oi 
~ (i) 
NE 
Combe Paccal 
south face 
c: Top s723b 
~ 
Cl) 
0 
a. 
Ql 
~ E s170,s172,sl74 
~ 
Cl) Base s17l.s173 
Combe Grand (:ret 
north foe~ centre south fa.~e 
s29 s3 
s2 
: 
s30 s6 
Appendix C. 
sw 
Spatial sample loca.tion 
Combe Bella Cha Combe Torchere Col des Aravis 
north face centre south face north face centre south face north face 
s698 s630,s633,s634, s635,s636,s 7 52 s766,s800 s97,s98:s99 
s631 
s700 · s672b* s92,s95,s96 
s761 
s697 s632· s765,s767 s84,sll9,s120 
Lower Aravis Megabreccia Horizon 
u:S 
:.c:-e 
Q.Cil ~0 
... a. 
.QlQl 
<a a. 
~E 
en co 
Cl) 
Top 
Base 
NE 
\. '-·" 
· · Spatial sample location 
Combe Forclaz Combe Tardevant Combe Paccaly Combe Grdn:j Cret Combe Bella Cha . Combe T jrchere 
south face north face ~entre south face north face centre south face north face cer~tre south face north face centre south face north fac'i' centre south face 
a757 
s332 
a756 
s330 '· 
s361 s66 s36,s37 · s38 s720,a1052 slO sa s673 
" dlSO 
s_61 t s35 s719 sl · s12 s15 s756* 
s63,s68 01046 s13 s461 
s62 a1045 sl37 
s535 s64i s34 s718,a1039 sl36 s9 s669a,s670a, s672 
~ 
Schematic representation of stratigraphic and spatial sampling p::tttern for the Upper and Lower Aravis Megabreccia Horizons. 
Samples are ·shown spatially as collected along the Aravis chain no~:·heast to southwest in cliff faces, and from megabreccic.~ exposed 
in the centre of combs. The stratigraphic position of samples within tt1e megabreccia horizons are also illustrated. 
Footnote: *sample from megablock with no way up criteria. · 
sw 
Col des Aravis 
north face 
s77,s90,s9l ,s864,s863 
s74,s79,s89,sll3 
I 
s73,slll I 
s72,s 75,s ll6,s ll 7,s ll2,s862,s861 I 
Sample Locations for Upper and Lower 
Aravis Megabreccia Horizons 
AppendixD 
Optimized Matrices of Jaccard Similarity Coefficients 
Between Constituents for Individual Log Data Sets 
Calculated using JaccMat 
Abbreviations 
g algae = green algae 
r algae = red algae 
List of individual data set constituent matrices 
Matrices are presented in numeric and graphic forms 
La Clusaz Road Section 
Cluze Road Section 
Les Combes 
Col des Aravis 
Col de Encerenaz 
Col d'Landron 
Col du Spee 
Combe de la Bella Cha 
Combe de Grand Cret 
Combe de Ia Grande Forclaz 
Combe de Paccaly 
Combe north of Pointe Percee 
Combe de Tardevant 
Combe de la Torchere 
Le Creuse 
Petit Bomand Road Section 
Pic de Jallouvre 
Point du Midi 
Roc de Leschaux 
Roc des Tours 
Thone 
o forams = orbitolinidae foraminifera 
m forams = miliolid foraminifera 
microbial mu = microbial mud clots 
569 
I: 
18 : 
3 : 
5 : 
6: 
I: 
11: 
IS 
!l 
21 
2 
20 
21 
19 
1 
23 
II 
22 
AppendixD 
La Clusaz datafile analysed using JaccMat 
Optimized matrix of par.uneters 
I 18 l 5 6 I 17 15 13 21 20 21 19 7 ll 1: 22 
ll 6 6 6 6 5 7 6 
ll 23 20 20 20 17 21 26 
23 65 65 65 62 60 57 
20 65 100 100 86 95 67 
20 65 100 100 86 95 67 
20 65 100 100 86 95 67 
17 62 86 86 86 81 65 
21 60 95 95 95 81 70 
26 67 67 67 67 65 70 
17 51 86 86 86 72 81 60 
25 63 60 60 60 53 63 71 
16 n 11 o 11 11 38 28 
22 13 11 II II ll !3 56 
ll Jj 37 37 37 29 35 28 
9 26 H H ll 30 36 16 
I 20 30 30 30 35 31 27 
ll !6 18 18 !8 li H iS 
0 0 6 6 6 8 7 l 
2 3 
11 21 16 
51 63 I! 
Si 60 0 
86 60 0 
86 60 13 
72 53 35 
81 63 35 
60 i! 25 
5 5 
22 ll :3 
0 33 i! 2(' :: 
ll 37 ll 30 " 
u 37 H :o :e 
41 37 34 ~0 ~= 
J; ll 30 31 ;; 
n 35 .;~ 3t ~9 
;; n li 11 :: 
57 
57 l9 H 35 40 ll l! 
31 17 li 36 21 •. 
39 3! li :3 :6 10 
H 57 35 
35 35 63 n 
10 3; 16 ;; 
31 25 10 ll 
21 jJ ' •• 
8 7 D 
;1 St· i ~ ·-
11 1! 
1 r algae ( 3) 22 sponge sri:s 3i 
18 1icrobial au ( 9) 11 quam 1 it 
3 rudists ( 28) 23 osmccd; \ lll 
5 brachiopods ( Ill 7 co ids ( !5 I 
6 peloids ( ll 1 19 brymans i iii 
I bivalves ( 13 I 21 gastropod; ! i8i 
11 aicrite ( 37) 20 corals ( 201 
15 I fOUlS ( 11) 2 g algae i 26) 
13 o foraas ( 29) 21 echinoderms ( 37) 
21 echinoderms ( 37) 13 o form I 29) 
2 g algae ( 26 I !5 11 foiaas i lli 
20 corals ( 20 I 17 micrite i 37) 
21 gastropods ( 18) I bivalves I 43) 
19 bryazoans ( 16) peloids ! ~3) 
7 ooids ( 15) 5 brachiopods ! 43 i 
23 ostracods ( 13 I 3 rudists I ll) 
II quarts ( 8) IS microbial mu i 3) 
22 sponge spies ( 3) 1 r algae i 3) 
Hullber in brackets = nuaber of samples possessing the pameter out of tbe total ;! H 
Les Combes datafile analysed using JaccMat 
10 
3 
21 
2 
6 
15 
l 
5 
11 
13 
17 
7 
20 
21 
18 
19 
23 
·' Optimized matrix of parameters 
10 J 21 2 6 IS I 5 I! 1J 17 i <1 " li B ;: 
!5 IS II II 11 II 11 
IS 9S 90 90 90 90 90 
15 95 95 95 9S 9S 95 
II 90 95 100 100 100 100 
II 90 9S 100 100 100 100 
II 90 95 100 100 100 100 
II 90 95 100 100 100 100 
II 90 95 100 100 100 100 
16 76 80 85 8S 85 81 85 
16 10 5 i6 u 0 
76 ao i6 21 26 10 10 
80 as eo 20 21 ; 10 
85 90 as 19 n ll 9 
as 9o 85 19 l3 H 9 
as 90 as 19 21 ;; 9 
es 90 85 19 21 H s 
85 90 85 !9 2J " 9 
81 11 22 !5 !5 0 
10 80 8S 90 90 90 90 90 85 76 21 " !5 
5 76 80 81 85 85 85 85 71 76 15 l~ H 11 
D 16 21 20 19 19 19 19 19 22 21 15 
o a n n n n n 21 11 H 27 o 
0 !0 9 11 11 H H H 16 15 16 0 
0 10 10 9 9 9 9 9 0 5 ll 0 40 
0 5 5 I I I I l 5 5 S 0 1C 
0 5 5 I I l I I 5 5 5 2S 
10 glauconite ( 3) 23 ostracods 11 
J rudist& ( 191 19 bryazoans I I 
21 echinoderas I 20) 18 Jicrooial mu 2 I 
2 g algae ( 21) 21 gastropods 3 I 
6 peloids ( 211 20 corals I) 
IS 1 !oms ( 21) 7 ooids I 0 
1 bivalves 1 211 17 aicrite 1 18 i 
5 brachiopods I 21) ll o forams i 191 
11 quarts ( 18) 11 quarts ! !i) 
13 o form I 19 I I brachiopods i 21) 
17 aicrite I 18) I bivalm ( 211 
7 ooids ( I) 15 11 form I lii 
20 corals I 5) 6 peloids I 211 
21 gastropods I 3 I 2 g algae ! l!) 
18 aierobial au I 2 I 21 echinoderms I 21) 
19 brrazoans I I I i rudists i 19 i 
23 ostracods I I I 10 g1amoite i 3) 
!umber in brackets = nuaber of sup1es possessing the para~eter ou: ~= tt< to:a: of 2! 
570 
j: 
~ i : 
11: 
i: 
15: 
I: 
5: 
21: 
': 13: 
2D: 
24; 
1 ~ : 
Cluze datafile analysed using JaccMat 
Optimized matrix of parameters 
J ! ; !1 i :s 4 5 2! 2 jj 20 21 7 19 
39 
16 79 
l! li 45 4! 15 H 10 
19 ao 69 J; ;2 72 
as s~ il ao SD 
;; 95 91 89 
Sl · 83 18 
95 il 
80 
15 aG Si 
18 69 so a; 
45 76 al i5 ll 
H 12 ac 9i !3 35 
10 ,, e~ 89 11 81 ao 
32 I I I 5 5~ \l i2 iO I 5 
il 10 20 18 c 
1; 11 z< n 22 26 
15 52 •• il 13 21 
so 5o 3! ;s 21 Ju 
52 50 3i 35 27 21 
52 50 )5 li 25 3! 
50 IS 3i 3: 26 32 
15 50 !7 ;; 22 31 
10 !5 52 iO 50 50 18 50 It 
12 ze ;1 25 n 
;: 13 25 28 
51 2S II 
11 11 
l1 
20 2E 3! 36 3: 36 iE 37 25 B 
!a 22 !1 " ;; ;; JS 35 i1 ;; 51 
6 i2 iJ 2; , ' 21 ;; 22 15 zs 25 ;s 
20 ii 30 H 31 32 31 28 28 H C !i 
J rudists i 3i I 
il aic:ite : :n 
li quarts i 65) 
! peioids i ?;1 
!: a ioraes i 65! 
invalvcs i 7•i) 
hracbio?~ds ( ; i l 
21 tchln~deas ! 031 
q algae • j/ i 
" 0 form ; n 
20 ::orals ; 27j 
11 gastropod; ( 1i) 
1 ooids : 15! 
19 orrazoans ! 22! 
!9 orymm ! ill 
OOidS ~ lt j 
ll gUtre?•ds i 26) 
2G cmi; i 211 
!3 c io:m I 31) 
2 q ai1ll ( 37 I 
li <cci~cdms I i5) 
bnchl~po~s ! 61) 
bmlves 1 70) 
15 J fcn:s i Q)) 
6 pe!oic; ( 7l! 
11 quam I 65! 
17 Dicri :: ( 53) 
3 rudists I i3) 
iuaoer in bracke:s = ~~Ao1! oi sam9les posmsin; :he paraaeter out oi t~e rota! oi 73 
ZG: 
19: 
!3: 
j: 
iG: 
2: 
1: 
5: 
0; 
t!: 
15: 
I: 
!1: 
2;. 
!1: 
22: 
2!: 
Col des Aravis datafile analysed using JaccMat 
Optimized matrix of parameters 
20 :s 11 1 ti 1 s ; n :~ ( !7 ;: :1 11 z; 
:j 25 so 15 25 ii 
33 il 20 0 !1 28 
25 25 10 1; 37 H 
50 lO 10 ;~ )0 2! u 
25 Se ID 
25 •• Ji iD ,. 
:2 25 li 22 
jj 
15 
I 
!5 H 
ll 
12 ll 21 
. , 
" 1! 
ll 
~ 1 
! 
l2 1! 12 
21 2i SE 
22 20 11 
t2 2v 94 
l2 19 91 
: l li as 
18 !5 JS 
5 i6 77 
12 !) ll 
1 11 
20 cm!s 1 2! 
19 bryazoans 21 
il o form i l) 
3 rudists I! 
18 aicr:Jiai ~u J I 
2 g algae 8 i 
co ids 1! 
brachiopods i 33! 
pe!cids i J3j 
2! echinoder::~; [ ill 
iS a iorm i i5) 
I oivalm i 3ii 
11 aicrite I i5i 
li ~strmds i ibi 
li 
li 11 H ~~ 
a 6 !2 
21 22 2; ;2 19 !8 21 1 
ll 20 20 " 16 15 ii I) 
BO S4 ~~ . • a2 75 11 ;E H 
88 ;; •• sa 11 11 ;; 1: 
lS 
i4 91 
·H ~; H av 11 
s; s; ao a; 
11 ~3 ~~ 91 91 91 
;c u 
50 !' 
;2 !5 
58 !! :; li 
75 so oa s; o5 
" a2 5; ;; 
13 6J It 
11 li 71 i1 52 5~ Bi Jj 
1a sv 5' :2 51 ;J n 
18 13 ! ) . . i 7 12 iC 
l~ gHtropCs t 0} 
22 s9on;e ;pies I 19) 
11 quar:s 1 29) 
li ommcs I 30j 
1i aicrite 1 351 
biva!m I i6) 
15 m iorm I lSi 
11 echinoderas i JS) 
peloidi { 33} 
bmbiopoc; I 33! 
Oildl I l) 
g a!qae I il 
18 micro)tai mu I Jl 
rudis:s ; ! 
. 11 quart; ! 2;! i3 o form JJ 
ll spooqe >?!:s i !9i 1i bryazom 2; 
2i ;astropods ( 5 J 20 corals il 
Nulber in btaciets ' o~aber of saapies possessin1 :!; parmter our of thE tmi o! .3: 
Appendi.xD 
Col de Encerenaz da!afile analysed using JaccMat 
Optimized matrix of parameters 
II: 
ll: 
2: 
6: 
3: 
11: 
15 : 
I: 
24: 
5: 
21: 
20: 
19: 
18: 
22 : 
I: 
23: 
II ll 2 6 l 17 IS 4 l4 5 21 20 19 !l 22 1 23 
60 37 28 22 22 22 22 
60 62 57 44 44 H H 
31 62 75 71 77 77 77 
28 57 75 75 15 75 75 
22 H 71 75 100 !00 100 
22 jj 71 75 100 100 100 
22 jj 71 75 100 100 100 
22 H 71 75 100 100 100 
11 42 62 57 62 62 62 62 
12 31 55 71 75 75 75 75 
16 50 50 42 33 33 33 33 
33 12 44 37 41 II 41 H 
0 20 12 16 12 12 12 12 
0 0 22 28 37 31 37 37 
0 0 11 11 25 25 25 25 
o o 11 u 25 25 ·2s 2s 
0 0 12 16 12 12 12 12 
II quarts 
13 0 foriiS 
2 g algae 
6 peloids 
3 rudists 
17 micrite 
15 1 toms 
4 bivalves 
24 gastropods 
5 brachiopods 
11 12 !6 il 
12 37 50 ' 12 2~ 0 0 
62 55 50 
57 i1 12 
62 75 33 
62 75 Jl 
62 75 Jj 
62 i5 JJ 
57 50 
51 12 
50 12 
II !2 22 11 " 12 
j7 16 lO 14 11 !t 
H !2 37 25 25 12 
H ll i7 25 25 !1 
li !1 li 25 25 12 
H l2 37 25 21 12 
l1 ;o ;; 16 16 20 
57 16 5i 33 il 16 
10 25 !6 20 20 21 
12 57 50 2~ 11 10 10 iu 
20 !6 25 20 
H 50 i6 ll 
16 jJ 20 10 
16 ll 20 10 
20 16 25 20 
2j ostracods 
1 r algae 
12 sponge spies 
18 aicrobial mu 
!9 bryazoans 
20 corals 
21 echinodem 
5 brachiopods 
11 gastropods 
G 0 
66 66 Ji 
66 100 iO 
66 100 10 
Jl 50 50 
21 echinodem 
3) 
5) 
8) 
6) 
8) 
8) 
8) 
S) 
5) 
6) 
4) 
5) 
I) 
3) 
2) 
2) 
1) 
I bivalves 
15 1 toms 
lj 
21 
2) 
ll 
II 
5) 
0 
I! 
5) 
a: 
9) 
3) 
!) 
'I 0, 
20 corals 17 aicrite 
19 bryazoans rudists 
peloids 
g algae 
18 aicrobial au 
22 sponge spies 9) 
5/ 
l! 
1 r alqae 13 o form 
23 ostracods ,. .l quarts 
lUBber in brackets , nuaber of saaples possessing the parmter oat of th! :ora! of ? 
10: 
7: 
13: 
2: 
19: 
18: 
21: 
J: 
20 : 
IS: 
5: 
6: 
21: 
I: 
17: 
I: 
23: 
11: 
10 
7 
ll 
2 
19 
18 
24 
. J 
20 
IS 
5 
6 
21 
I 
17 
I 
ll 
II 
Col de Spee da!afile anaiysed using JaccMat 
Optimized matrix of parameters 
10 7 ll 2 19 IS 21 l 20 15 6 21 I ii I 23 :; 
50 
50 25 20 
50 10 
50 25 50 
20 40 50 
25 50 60 50 
25 0 16 0 11 11 
50 25 33 16 28 22 
60 10 66 50 57 I! 
50 33 57 42 33 55 
11 iO 10 10 
22 20 20 20 !l 
0 25 40 33 16 
16 42 50 57 H 
50 33 25 JJ 
37 62 66 
50 55 
77 
II 10 10 10 33 iO 11 
10 50 50 50 30 0 
II 10 10 lO 33 20 H 
33 30 30 30 22 25 :6 
66 60 !0 60 lO II 15 
10 so So 5o 62 10 28 
77 70 70 70 66 18 37 
80 90 10 90 70 22 30 
16 JJ 66 57 12 50 
0 16 50 42 50 ll 37 
II 28 57 ll 57 25 62 50 
11 22 II 55 41 ll 66 55 1l 
11 22 II 40 II ll 66 10 77 80 
10 20 lO 50 10 JO 60 50 70 90 
10 20 10 50 10 JO 60 50 70 90 
10 20 10 50 10 30 60 50 70 90 
0 II 33 JO ll 22 lO 62 66 70 
90 90 90 70 22 H !i 
90 100 100 ao 20 10 :~ 
9o 100 100 ac 20 10 ~~ 
90100100 SO 20 lO 10 
70 so oc ao 25 so 11 
0 0 20 0 20 25 II 10 28 22 22 20 20 20 25 5~ 
0 0 II 0 II 16 25 28 37 JO 14 10 ~o 10 50 5D ;s 
0 0 0 0 0 0 0 0 9 0 11 lU 10 l•l :2 0 li 
glauconite 
ooids 
o foraas 
g algae 
bryazoans 
microbial au 
qamopods 
rudists 
corals 
1 forams 
brachiopods 
peloids 
echinodem 
bivalves 
aicrite 
r algae 
ostracods 
quart.s 
( I) 
I 21 
( 4) 
( 5) 
( l) 
I 31 
( 6) 
( I) 
( 7) 
I 9) 
( 9) 
( 10) 
( 10) 
( 10) 
I 81 
I 21 
( I) 
I II 
!1 quarts 
23 ostracods 
1 r algae 
17 micrit1 
I bi7alves 
i! echinodem 
peloids 
orachiopcds 
!5 a form 
20 corals 
ruaists 
21 gamopccs 
IS microbial m~ 
il bryazcans 
2 q algae 
!3 o form 
7 ooids 
!0 qlmome 
i .j) 
i) 
21 
I S! 
i !0) 
i 10) 
I !Oi 
li 
i) 
71 
5! 
61 
3) 
0 
I) 
l) 
2i 
11 
Col de Landron datafilc analysed using JnccMat 
Optimized matrix of parameters 
1! :l 2 20 H ! i ! 5 5 21 ! !i !I 1 10 2i 23 
lB: 
13: 
j: 
2: 
10: 
lC H 
42 3C jS l5 j~ 
:< 21 28 10 
' 17 i: li H H 
17 lt H 14 !~ !! 
:6 :5 ~: n .. ;; 32 ts 2s 23 1; " v 
7 Je ,, l3 3C :2 t~ n 3e n J5 ;:3 &4 u !2 
1€ 22 17 36 13 n 75 H: 
!9: 
1:: 
31 iC 36 52 38 
38 H 37 30 JS 3S 
:o !2 17 17 li 
a: as as as 
I! SJ 91 
o1 ·, 3~ 40 H SG 
42 39 21 iO " !2 
55 52 il 11 !3 
i: 1; 16 ll 
! I ! l 2~ 
37 37 
3e J6 
;; 1: 6! :c 22 !6 ;' 
iC ~7 2t• :; !! 
1(•0 ~~ 5i 20 ~4 11 
,. 
.. 17 ii 91 
~ : H H 2~ 38 JS 
!! l! iS 
47 ;s n 10v 
I: 
17: 
11: 
7: 
38 38 
23 23 
21 28 
17 15 li 100 iO~ 70 67 " H ll 
!! 17 ;; iS 5! 70 iO D iU 16 
1 ~ 'l l i 2l J9 Si 58 17 6i 67 eo 
10 : 
22: 
23 
0 11 25 
12 5 
6 
7 
21 H 22 20 20 20 !I ! 5 
10 li i6 H ll 11 20 2! 
li !3 12 11 11 !I 16 17 
12 5 5 s 8 
2ij 
20 i2 12 
50 !i 
so 22 50 
12 li 50 
!8 microb1a1 mu 
13 o iorm 
3 rudists 
2 g alqae 
20 :orals 
2! qasrropods 
19 bryazoans 
!5 a iorm 
bra~hioNds 
1: ech!!o~:ns 
pe!Ol•iS 
bivalve; 
1! ai~ria 
11 quarts 
ooids 
10 qlauconne 
sponge spic; ., 
" ,~ ostracods 
I 21 
( 5) 
( 5) 
! iO) 
! ll I 
i ill 
[ 16) 
I 2S) 
( 3!) 
( Jl) 
( ill 
(Hi 
( 21) 
( 2li 
( 7) 
51 
l) 
2! 
23 ostracods 11 
22 sponge spies 0 
10 glauconite I) 
7 voids 7! · 
11 quarts ( ll; 
i7 1icrite i 211 
I ~ivalves i 31) 
i peloids i 30 
21 ;cbi~ocem ! J;J 
5 brachiopods i 3!) 
15 s foms i 29) 
19 cryazoans i 15; 
21 qam~1ods : ill 
lv corals : ill 
g algH i !Cj 
j rcdists ! :; 
1l o iorm ( 51 
lS ~!crob!i! au ( li 
~u:uber it Ora~!ets = number oi sa:ap~:s poss~ss1n; the paraut~r ·lUt oi tb~ !otal :f ;~ 
Combe de Bello Cha datalilc analysed using JaccMat 
Optimized matrix of parameters 
1 D :: 2a H 1j Z !: C 5 H 4 i1 17 il 23 it 
H: 
J: 
20: 
24: 
!3: 
7: 
i: 
19: 
D: 
~ : 
2!: 
:7: 
11 
23: 
,, : 
10 5 5 
;; 5 10 
8 2i 2S 11 12 
0 2i ll 30 27 
la 42 II 5~ 
i !1 JO H 29 
10 12 li 50 29 
22 11 10 10 39 
10 !l J1 50 36 18 
25 22 37 50 39 
13 23 31 lS J6 
2: 23 H 18 36 
<2 22 32 li H 
!0 22 12 32 II l! 
!I 12 20 23 ll 35 
12 1; 15 n 19 H 
l 7 11 !6 
!6 1! 20 
1 r a!;ac 
1~ qlau:-:~l~f: 
2; 9lS:r~pC~$ 
!3 ~ :n~mi 
ocids 
, g alg:; 
I! oryamns 
p~l,iCs 
brach!opoCs 
1: a f cr~ms 
bivaives 
21 echlDOC!!JS 
!7 Jicria 
11 qua!ts 
23 cstra::~~s 
i2 S1lnq! SP!Cl 
lll 
! :1! 
\ iOi 
2)) 
i !'i 
i 22! 
t 2i I 
! Oi 
I 411 
I 17 I 
i jj j 
(I!! 
! ll I 
I I! i 
I 251 
i 24) 
3 
iO o 
4 I 
e s 10 11 12 
ll 22 22 12 !3 
23 22 22 2Q !5 
H 32 32 2a 23 
G 
7. 
0 n 19 21 2: 
13 37 22 23 
10 50 37 3! 
!0 16 50 46 
39 !0 39 35 
!I 17 16 
56 52 
SJ 
52 83 
!S 16 I! ll 3! 11 li 
H 3! H 3! ll lc 2~ 
li 12 l2 38 36 21 H 
55 SD 53 H li 2! 2G 
87 s; s; 72 ;a 4! 3' 
91 92 J 1 30 7i li 42 
II 87 91 
10 !7 12 12 
92 ;; ao ;s 1! 11 
H 31 80 I! 18 
C( 8(· ~1 4S 5j Of S2 ;t 90 
16 72 !O so 3( s; 
3i ii " 71 5~ ·~ " 
(! H H H 4S 5! 54 5i 
iS j9 {i ~2 4E E 55 ~\ ~3 
l2 sponge S?ics 
23 ~st:acods 
1! quarts 
i 1 licritl 
21 ~ciuuo'!e:~as 
~ivalns 
1; a for us 
I bmb!opods 
c pelo1d; 
!9 lryazoans 
q algae 
i ootds 
!3 c icraas 
21 gastropods 
20. corals 
J rudists 
:o glauconite 
I r algu 
~ 2 ~ ! 
{ !5} 
{ ;~ j 
: ~: j 
: ;n 
! ;;j 
i 4i j 
: '~I I,,, 
i ~3! 
( 16) 
! i21 
I 1 Ji 
i Lj) 
i lC! 
i !1) 
( 111 
i 5) 
I li 
Humber in brackets = number of samples pcssessinq the paramHer ou! ~f the tou.i of :o ~~1Cer in t:ach:s : :i:;!bcr of sa1;les possessi~q tbe para!eter ou: c: ~te :~:3! :: 5! 
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AppendixD 
Combe de Grund C~t data file analysed using JaccMat 
Optimized matrix of parameters 
l 1 l 20 21 ll 19 ; 15 21 s ! ; l! 13 " 
3 : 10 9 10 H S 0 6 6 6 i 
1: 0 18 16 18 28 23 lO 13 ll ll 12 I 
l : 10 18 35 12 ll lO l7 lO lO 21 28 JJ l5 H 1! 
20 : 9 16 l5 35 so sa 21 21 21 n ll JJ u 23 
21 : 10 18 12 l5 lS II 22 25 25 25 28 25 il 10 1! 
13 : u 2a 13 so JS 63 11 46 16 :s n u n 24 8 ; 
19 : s 23 JO sa 11 63 12 li 16 iO i3 5! 11 H 12 t< 
1 : 0 30 37 27 22 35 12 !l 13 H lO 38 H 23 lO ! 
6 : 6 1l 30 29 25 16 16 13 100 96 93 !7 t5 62 ll 2! 
11 : 6 !l lO 29 21 l6 16 ll too s; 93 a; ii 62 n z: 
21 : 6 12 29 ll 25 15 50 !I 96 96 96 90 55 65 31 •• 
I : 6 12 28 ll 28 13 53 10 9l 91 96 3l ;j 68 31 ;; 
5 : 6 9 30 ll 25 II 51 18 87 81 90 9l 70 67 ll 32 
11 : I l 28 17 11 ll 25 21 65 65 iS 71 iO 65 l1 17 
11 9 I 11 2l 10 21 31 29 62 62 65 68 il li 50 
23 8 1 11 5 II 8 12 20 l2 ll 3! 34 32 13 31 
22 0 0 0 5 5 I 12 I 28 26 l1 H ll 50 31 
l ndists 
I r algae 
2 g algae 
20 corals 
21 gastropods 
13 o torus 
19 brrazoans 
7 ooids 
6 peloids 
15 1 foraas 
21 ecbinodem 
I bivalves 
5 brachiopods 
11 eicrite 
11 quarts 
23 ostracods 
22 sponge spies 
I 21 
I II 
I 91 
I !OJ 
I 91 
I HI 
(Ill 
(Ill 
llOI 
I lOI 
Ill! 
ll21 
(lOJ 
I 2ll 
I 221 
I Ill 
I II) 
ll spc~qa spies 
ll ostracoas 
li 
il 
5 
ll 
15 
; 
7 
19 
quarts 
•icrite 
brachiopoas 
bivalves 
echinodeus 
a forams 
peloids 
ooids 
oryazoans 
13 o :orams 
21 gastropods 
20 corals 
2 g algae 
1 r alqae 
l rudists 
I !il 
i 1! I 
i 221 
i 23) 
i 30) 
: ll! 
I lli 
: lO) 
i HI 
I lli 
( ~ 7j 
i 11 I 
i 9) 
110! 
i 9). 
i I) 
i 2i 
Ruaber in brackets = number of saaples pomssing the ,amerer out of the torai oi 32 
10 : 
3 : 
1: 
18 : 
2: 
ll: 
21 : 
20 : 
1: 
19: 
6: 
15: 
21: 
5: 
I: 
11: 
17: 
22: 
2l : 
Combe de Paccaly datafile analysed using JaccMnt 
Optimized matrix of parnmeters 
10 l 1 18 2 ll 21 20 1 19 6 15 ll I 1! !1 21 23 
25 25 ·o 10 9 12 5 II I 5 5 
25 20 ~ D ~ II II 5 6 8 e l 
25 20 0 20 !8 II 17 16 ll 8 5 s 10 
0 20 0 9 IS 11 II 5 I 5 8 6 8 l 
10 ll 20 9 
9 lO 18 18 16 
16 23 lO 28 ll 
21 28 10 l9 
Jl l! 26 
15 56 
66 
12 11 11 11 ll 21 
5 11 11 11 30 28 ll 
11 5 16 5 28 10 31 IS 
25 21 21 14 24 15 !l 
28 27 2i li li ll 23 
20 18 !8 ll !8 !6 14 !2 
IS 15 45 15 45 35 10 25 lv 
11 lo :e 4! I! 11 11 ;c ;: 
il 51 59 Sl 59 51 50 3G ll I 8 13 4 31 l9 26 56 66 
5 8 a 8 25 28 20 18 51 62 91 9; ;; 91 72 31 ;; ll 
5 8 8 8 21 27 18 IS 18 59 !I lUG !Oo !00 i! e; 5o 16 
5 8 8 8 21 27 18 IS 18 59 H 100 lOQ 100 78 ae s: a 
5 8 8 8 21 27 18 IS 45 59 11 100 !Qv 100 1! ;s s; '' 
5 8 8 8 21 21 18 IS 48 59 H !00 !00 !11 Ji 20 ;; IS 
6 l 10 l 15 21 !6 lS 51 54 72 78 7: 7! :s H ;: li 
l 2 6 9 ll ll II 10 41 50 S! ao ai 3; eo :·; 11 
0 0 I I l l ll 26 lO 30 51 56 50 sc 56 6~ 09 
5 0 5 5 l l 8 20 21 l! o 46 48 ;s ;a 11 ;g 
10 glauconite I 21 ll ostracods I !S) 
3 rudists ( l) 22 sponge spies I l! j 
1 1 algae I ll !1 aicrite ( m 
18 aicrobial mu I l I 11 quarts I lli 
l g algae I 9) I bivalves i l7 I 
ll o !oms (!OJ 5 bra:hiopcds i l7) 
21 gastropods I 1 I 21 echioodms I Jlj 
20 corals I 17) 15 mfoms ! 171 
1 ooids I 181 6 peloids I 35 i 
19 brrazoans I 221 !9 ;cymans i 121 
6 peloids I l51 7 ooids i 18i 
15 a form I ll I 20 corals I :1) 
21 echinoderms I 31 I 21 gastropoas 7 i 
5 brachiopods I l7J ll o fmms i~J 
1 bivalves I ll I 2 g alqae i 9) 
11 quarts I 29 I 18 ~i::chial ~~ 3) 
17 Dicrite I lll I r algae i ll 
22 sponqe spies I 21 I rcdists i J) 
23 ostracods I 18 I 10 qh:.~:~nite ( 2) 
Su1ber in brackets : nutber of samples possess!!:g :~e ~.!.!a:n::~~ o!!: oi tt~ :::a! ;f :; 
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Combe de Ia (;J·anclcFord:tz Uwa tile analyst.·d LL'\ing Jott.·cMoll 
Optimized mourix of p:tr:tmctcrs 
5: 
:5: 
6: 
4: 
... 
"'. 
2: 
il 
j 2 ; ; 0 & 
;o li 37 35 '' 62 sa 55 11 l7 il !9 !O 
9& s; 90 ae ss iU s; H 51 ;; 25 z; 10 
e: 90 lOl · 97 57 51 IS iO 55 3! 27 l! 
a; go '" 97 57 s; 1a 10 ss ll 21 H 
as E: 57 n 55 52 11 n ss Jl 2; 23 
cO So \1 57 55 lS 52 1i H 30 27 ll I 
;; ;o :4 51 sz 45 11 51 to 11 12 ll 10 
50 53 1; i; !1 52 17 I! 23 lS 31 26 l! 
::: I 
j: 5 
iS 61 ;~ J•J 73 u SJ n ii 38 21 ll 11 
H 5! ;5 5i 5S 1i 10 lS 60 !l JS 33 0 
2j: 0 37 ll ll l3 Jl 30 l! 28 35 19 !1 !S 27 
21 0 !3 ii 27 21 26 27 12 ll 25 iS 11 II 0 
lG: 11 !9 22 24 il 13 ll l3 li ll li IS 41 !0 
19: lU !0 S 8 lG !1 12 0 27 il !0 jj 
J l l 0 9 u jj 
r alqae 
:Q glaucv!:.ue 
21 echlncd;res 
~racb1cpcds 
15 m iorams 
C;n~;·es 
:3 o forus 
• • ~~,;arts 
: i a.icr it~ 
J rud!sts 
::J os:racoCs 
11 qastrcpcds 
20 ccrais 
!i ;ryazcans 
ooids 
i.Ej 
lC' 
. 25i 
201 
!lj 
91 
i SJ 
i 3! 
1) 
ccids 
lS bryazoa~s 
20 co:ais 
'H qasucpoCs 
il omacods 
3 rudists 
!1 wlc:ite 
g algae 
!l qums 
!3 c i:~raas 
bival;-es 
i peloids 
IS n fora&s 
5 brachiopods 
2! ech1nodem 
:o glauconite 
1 r algae 
li 
l) 
e; 
;; 
: 11; 
I IOi 
i lil 
i :; I 
i l<i 
i Hi 
i H) 
i jJ; 
i 33 j 
I 301 
I 291 
i ll 
I 1/ 
!u1~er 1n braciets : m;ber oi sa&ples possessing the paramer cut ci tbe mal ti 3l 
Petit Uornnnd Road section datafile analysed using Jaa:Mat 
Optimized matrix of parameters 
:0 3 17 li I 6 i i5 H 13 l i 15 10 ll 11 I !0 
17 5 ll !l 13 l 5 22 9 9 0 u 
1l ;; 76 ll B i~ !! l~ i! l! ll ti l 
ll 56 6S SS SO 75 Sl lO. 29 H 25 27 
12 ;; ao 8E li so '' 12 36 ii ll 21 
1: ;o 12 a' ~2 ei 63 H JS 35 H 26 
48 66 iS lo 66 7! ll 15 45 ll 30 
s 32 so 5; i! 61 11 20 se 11 5; l! 
0 0 0 
! tG J 
1l 
16 
11 
II !Q !0 
li 12 12 
Ll 31 ll JQ " 31 33 " 30 30 2l !6 
i! l! ;9 3; l5 11 ~; lO ol lu 21 
u 26 ;; !c 3! ;s r 30 63 11 so 
0 "16 2~ ;; H jj 5~ lj jO H 55 
;: it li lv 2! li 11 sv 55 
2U 11 ll !2 
iS i2 i2 11 !! 
lO 22 22 I! !! 
s; 11 li !i 12 
12 !l 11 !6 
! 3 ~ 5 !7 H 25 lO ~S jU lO 0 
3 l! !l E ll ll lS !I 0 
c 
!0~ 5~ 5~ 
:v 5~ 10 ,. iO ll !! 21 22 15 H a too 
0 !1 !! 12 !S 0 50 50 
:2 11 11 12 o a sv ;o 
~e iicrcbla! Iii!! ; 3 J 10 qlcucooitc li 
J r~dis:s i i i) 1 r algae !I 
17 ~icrire : lQ) !1 quam ! ll 
2; e~hinoderes ( ;;j ll osmcods I 21 
iivalm '25) 20 corals I 0 
?eloids ; 2li i9 hrrazoans I il 
o:ac~iopods i 20) ooids I 81 
15 ' foraes : !0 i 9 algae I 91 
il gastropoas ! 1! 13 o ioms I 9) 
13 c inm 9) H gastropods I e I 
g alqae 9; !i a ioms I !6) 
ooids li 5 brachiopods I lOi 
!! bryazvans 6) peloids I HI 
20 ccrals I) 1 bivalves I lSI 
<; ustmods 2) il ecbinodms I 2li 
11 -;uarB 21 il aicrite I 201 
:algae i !I rcdists I !ll 
!~ qlmocite !j !8 aimb!al au I ll 
AppendixD 
Combe de Tardevant datafile analysed using JaccMat 
Optimized matrix of paramete!S 
10 .1 20 ll l 2 19 1 2! 5 l1 I li !i 1; 2) 22 
10 : 25 16 0 16 11 0 0 !U 10 !U !G :C· ;; il 
I : 0 20 11 Jl 11 25 28 10 20 20 lO l~ 10 1: !I 10 i 
20 : 25 20 66 12 25 50 37 28 10 ~~ 10 10 lc 33 ll ll 20 
13 : 16 11 66 11 50 15 62 31 60 EO 60 60 60 10 10 <I H 
J : 0 ll 12 11 10 11 81 57 60 iU 60 60 6G 10 H 11 H 
2 : 16 11 21 10 10 11 62 J7 60 co 60 60 ;, 55 11 11 o 
19 : 12 25 50 75 75 75 87 62 so 30 80 80 so 60 60 JJ 1! 
7 : 0 28 37 62 S5 62 Sl 71 70 70 70 70 7G 50 IC 37 12 
2! : 0 10 lS 31 51 31 62 71 10 iO 50 50 50 H 30 50 15 
5 : 10 20 10 60 60 60 so 10 50 100 100 100 100 so eo 10 20 
21 : 10 20 10 60 60 60 60 10 10 100 100 100 iOC 30 So H 20 
6 : 10 20 10 60 60 60 80 10 so 100 100 100 !io eo 80 :o 20 
1 : 10 20 10 60 60 60 80 10 so 100 m 100 "o a; eo 10 20 
11 : 10 20 !0 60 60 60 80 10 10 100 100 100 !00 80 !0 10 20 
11 : 12 11 JJ 10 10 11 60 10 11 so so ao 8c ;o 11 JJ 21 
11 : 12 11 JJ 10 10 51 60 so JO so eo ao 80 ae 11 __ 25 
23 : o 20 JJ 21 25 11 JJ ;; 5o 10 10 10 10 :; 33 JJ 20 
22 : 0 0 20 II II 0 11 11 16 20 lO H 1~ 10 i5 1i <O 
10 1lauconite 
1 r alqae 
20 corals 
ll o forams 
J rudists 
2 q alqae 
19 bryazoans 
7 ooids 
21 qastropods 
5 brachiopods 
21 ecbinoderas 
6 peloids 
1 bivalves 
11 a Ionas 
11 quarts 
17 aicrite 
23 ostracods 
22 sponqe spies 
1) 
2) 
I) 
6) 
6) 
6) 
8) 
7) 
I II 
110) 
110) 
110) 
l10i 
110) 
I 61 
I SJ 
I II 
I 21 
11 sponge ;pies 
23 ostracods 
17 &icrite 
11 quarts 
11 a foraas 
1 bivalvas 
6 peloid; 
21 e:oinodms 
I brachiopods 
21 qamopods 
1 ooids 
li ~ryuoans 
1 q algae 
3 rudis~s 
ll o form 
10 corals 
1 r alqae 
10 ;la~conite 
2! 
' 1\ I •l 
Si 
s: 
i lUi 
~ ~ 'ii 
t 10) 
i lCj 
i i) 
Jj 
i !) 
! i) 
., 
o, 
l) 
1! 
i) 
Ruaber in brackets = nuaber of samples possemng the parmw ou: of the totai oi lv 
Combe north ofl'ointe l'ercee datafilc analysed using JaccMat 
Optimized malrix of paramete!S 
1: 
18: 
3: 
13: 
7: 
2: 
11: 
6: 
21: 
I: 
5: 
15: 
2!: 
!7: 
20 : 
11: 
23 : 
21 : 
1 18 3 13 7 1 15 6 21 I 19 11 il 10 !1 ;; ll 
......................................... ------------------------- ............ ---- .... --------- .... ---- .. 
16 11 2S 11 23 !7 11 11 !5 10 li 
16 10 21 7 11 ll 11 11 :! 12 0 
11 50 21 ll 15 15 23 1J 13 H S iO " ;E 
28 21 21 !1 51 60 53 ll ll 56 •; s2 ~~ 3S za 
15 7 13 l7 !0 11 11 12 11 " iJ 15 31 H 33 
!& 16 
" !l 
23 11 11 II !0 66 65 65 61 6e so ~ 2 j~ ~ 5 3t l 0 10 
11 ll 26 60 11 66 as sa es 
15 11 23 53 12 61 8S 100 100 
11 11 23 53 11 6 5 ss 100 1~0 
15 11 23 13 11 61 S8100 100 
16 12 21 56 II 6S Sl 96 96 96 
e4 Cl :7 ~~ H 5~ 11 12 
16 13 €9 ii :: 50 15 !I 
96 73 69 S? ;7 50 
;6 73 ~s s~ ~· so 
15 15 
1i :s 
1t 12 ;o 61 ;; a 16 
15 0 8 !l 50 56 61 73 7J 73 i6 1C il 10 j 5 l i i 
10 10 20 52 II 11 17 69 69 59 72 16 
11 20 31 26 30 B !6 51 11 ;1 60 11 51 
51 73 lO II 12 
iv 11 IS 16 
51 11 13 
13 !3 
I I 16 38 II ll !6 57 51 11 60 10 13 iO 
6 0 5 28 JJ 36 10 10 50 10 !6 1\ 10 21 il 
0 16 11 I 7 10 12 11 li 15 16 1~ " !i !l 
0 16 11 5 0 10 11 11 15 !\ 16 ! I 22 20 iS il Jl 
1 r alqae 
18 Ricrobial mu 
3 rudists 
13 o form 
7 ooids 
2 q alqae 
IS 1 forams 
6 peloids 
11 echinoderms 
I bivalves 
I brachiopods 
19 bryazoans 
11 qastropcds 
17 1icrite 
20 corals 
1! quarts 
13 ostracods 
22 sponqe spies 
I II 
I ll 
I 61 
I 11 I 
.1111 
1111 
I 231 
126) 
I 261 
116) 
I 211 
119) 
I lSI 
Ill) 
I !II 
Ill) 
I 4i 
I II 
12 
13 
sponge spies 
osaa~ods 
11 qums 
20 corals 
17 
11 
19 
I 
I 
1! 
6 
wicrite 
gastropods 
bryazoans 
brachiopods 
bi'lal..-es 
ecbioo6ert~s 
pe!ciJs 
11 ~ inus 
2 q algae 
ooids 
!l c forns 
3 ru1ists 
18 L!Crvbiai ~' 
1 r algae 
i ll 
! t) 
i lll 
i 111 
11:1 
; lSi 
I !li 
I 151 
; li I 
i zo; 
; 26) 
i 1li 
I : 4) 
! ;; 
Beaber in brackets = Iit!mber of Haples possessing the par l:ie:~r c~: ~: ~he t~ta: v! z: 
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Combe de Ia Torchen: datafilc analysed using JaccMat 
Optimized matrix of paramctc!S 
24: 
2: 
1: 
1;: 
!9 
6; 
5: 
11. 
1;: 
!7: 
I: 
!! : 
l2: 
Lj: 
5 21 13 11 1! 21 )j 
" " !1 ll !2 
1& 2~ !" 
27 15 2! 
j 16 H 16 
;1 21 ;i '" 1: 11 H 
H • . :~ te 33 !2 jl 
iE 30 15 ~~ H H 
! :: ~ l :: 1 5 
!J !I 15 U ii H 
!i 1J li 2! l! 
30 30 iO 11 21 !9 
IJ 11 11 Jl 36 17 
l! 16 z; 16 ;; ;o 
11 57 11 (; 11 ll 
J2 12 n 37 3i JJ 
16 92 !l 24 72 17 
eo 16 sc so ;s 6! 
ao 96 11 28 75 61 
H !a lv 
li 1i iC 
11 16 15 
:1 16 H 
12 ! 5 2 ~
lj 13 !6 
1! !5 l! 
11 11 21 
a !3 n 
I ii 
lii 2! 
il c :ora<; 
r at;ae 
!~d!S! S 
14 gmrc,cc; 
2 g a~~H 
oui~s 
20 mals 
i9 bryazcans 
reluids 
bracti~pc~s 
Zl ectinoaer::.s 
~5 ! for us 
i1 eicriH 
4 binlv~s 
-· quH!S 
22 sponqe s~::s 
., ,_ 
;; 19 
'' 10 29 2B 16 
" 16 53 60 
!I H 41 
SO H 
ll H !i 
?i 96 
91 
;, H 9; i1 
li 3! 12 J 1 ;; zo ao 8: a1 I! 10 i6 
4 2 '~ ,. 4i 92 96 96 Sl 
12 ;; 51 11 91 16 96 21 !00 
1 ~n a~ 13 c ~
S! i3 65 
;: ;; 4J ;; a1 so aa ol a; 
36 . . ,_ ii 7i i$ 75 70 )j 
F 2J 33 33 51 il 6: ii 61 
lO 
{-; 
:2! 
~ ~ : 
(': 
1. •: 
I; l 
il 
21 
c.str~cods ( 11! 
>?Dnqe SPICS i !i; 
~uarts i 2i i 
biva!m ( 25! 
micnte t L~ l 
15 i foraas 
1: ecoinoderns 
5 bracnicpcds 
6 peloids 
ll bryam~s 
20 coral; 
ocids 
g algae 
H qastro?ods 
rudists 
r algae 
13 c f;rm 
[li) 
115) 
[ 11! 
i Hi 
! lii 
! 15! 
I i) 
i !! } 
3! 
i) 
n 
;I 
10 i2 
il 
La. Cn:use datalilc analysed using JaccMat 
Optimized matrix of paramctc!S 
! ~t ;; ; !: !~ ; ( 6 21 2 2~ 11 ~~ 1(· :; 1 2~ 
; l l 
lE: j! ·~ 2i ?! 2i 2: 21 !C 10 15 !1 ll 
~~ ::: ;: ~: j5 37 H jj n i! 12 ~ U: 
li: 
:s. 
5: 
1: 
ll; 
i: 
t4: 
23: 
10: 
!9: 
i: 
" . 
" ' 
!! ~: ~: .. ~0 H 45 4~ iO 30 19 :.: lt 23 ~~ 
Z: 3: H ~~ : ;; il 7! lS 2C 4! 2: .:~ :.t H 
... ~: ;; :~ ~0 76 7e 75 ~; 40 4~ J' ,;1 2L i 
,;; 1! 5~ ·! ~:: E9 5! 91 ~1 36 <: 3! 2: 26 U 
!t 1: 1; c ;s 
11 ~ ~ 16 2: ; 2 
r a:~H 
!~ liC!Cb!al :GI! 
!3 " fora:s 
! i lii:ri t~ 
15 !il fcrar.s 
bra~h~~;:·~s 
b!va:·.-cs 
p:l~lCS 
L! 2~~:!l~:::~s 
'J a!IJH 
~~ -~lStr~::::; 
J. qua~ t s 
~: os! ~ a:c:; 
i~ c:: a:.i 
! l 
: ~ j 
( 2 i 
. ; I 
0; I 
;; !i , H ll !1 10 ij 13 
100 .;c n 54 jt z; 2~ ~j 
~e ;s H ;z 21 il il 
;e 11 ;; 40 <I 17 
;1 J5 j! 
:; 5! !i 21 
lt ll 
Li l3 L I 2l 2& 
Ji ;; ;o 11 
32 32 25 1! j3 1U !0 0 
ll " li 17 " " 
;; 21 22 21 20 io 
!l !l 1! 10 i9 
l 0 I 
21 
1! 
;pccge sp1:s i ! ; 
"ids i :; 
brymans i :) 
ccrals 
-Jstra~ods 
:;uar: ~ 
gmrc1~ds 
9 algae 
echi:!-Jde~~s 
?eloi.Js 
bin !~·es 
;ra:hi~poC~ 
s fc!a~s 
1i i cr!: ~ 
!IJO!StS 
J !·na!ls 
i 1vl 
i !2) 
\ ti.'J 
I !3l 
I 1; 
!; J6 
16 
1. 
·' Q 
AppendixD 
Pic de Jallouvre datafile analysed using JaccMat 
. Optimized matrix of parameters 
10 3 18 6 15 2 11 I 5 13 21 l! 20 7 11 19 23 1 22 
!0 : 
3: 
18: 
6: 
15: 
2: 
11: 
I: 
5: 
0 
0 66 
0 0 
66 35 
35 
0 35 35 
8 11 30 52 
8 0 5 0 6 0 6 0 
II 25 29. 27 25 30 10 IE !3 
30 25 29 27 25 li 16 l7 21 
52 60 63 77 52 !i 57 l3 l! 
0 25 25 60 57 
51 61 li 68 12 17 23 33 
50 55 56 50 36 18 29 
81 77 31 73 II 52 
13 II 78 50 66 
13 63 33 58 
26 30 12 
56 61 
6! 
5 29 29 63 61 50 
0 27 21 77 57 55 81 
6 25 25 52 68 56 77 13 
0 30 18 16 12 50 31 II 13 
6 10 16 51 17 36 73 78 63 26 
0 16 27 13 23 18 II 50 33 30 56 
0 13 21 II 33 29 52 66 58 12 61 61 
0 12 12 20 33 27 16 22 18 33 25 30 23 
;; 0 
li 0 
12 0 H 
20 !! 11 6 
33 20 28 7 
27 H 23 !0 
!6 35 27 !7 
22 Z6 33 H 
IS lO 10 10 
33 27 27 !0 
25 37 37 !8 
30 ji 25 33 
23 38 50 25 
25 11 16 
20 
I! 
li 11 
!j 
11 !! 
12 12 
0 10 
16 1 
20 20 
13: 
21: 
21: 
20: 
7: 
11: 
19 ·, 
23: 
16 0 0 11 20 11 35 26 10 27 37 36 38 25 
0 0 0 11 28 23 27 33 10 27 37 25 50 12 50 
5~ 28 l4 H 
20 33 ll 
0 25 
0 
0 0 11 6 7 18 11 16 20 10 18 33 25 li 28 28 
I: 
22: 
0 0 0 6 7 9 5 11 ll 11 12 0 16 20 14 3J 0 
0 0 0 6 7 20 11 11 6 11 12 10 7 20 !I 14 25 
10 glauconite ( I) 22 sponge spies 2 i 
3 rudists ( 5) r algae 2) 
18 aicrobial au ( 5) 23 ostraccds 3 i 
6 peloids ( 111 19 bryazoans i) 
!5 a !oms ( 121 11 quarts i; 
2 g algae ( 10) 1 ooids ( 1! 
17 micrite ( 17) 20 corals ! Ill 
I bivalves ( 18) 21 gastropods ( 9 I 
5 brachiopods ( !51 
13 o !oms· I 8) 
21 echino~em ( !i l 
13 o form ( S) 
21 echinodem I 16) 
21 gastropods I 9) 5 brachiopocs 1 15 I 1 bivalm ( 13) 
20 corals I Ill 
7 ooids ( II 
11 &icrite ( !i! 
2 q algae I 10) 
11 quarts ( 6) 15 a toms ( 12i 
19 bryuom I 6) 6 peloids 1 11 i 
23 ostracods I 31 18 aicrobial au ( i i 
1 r algae I 21 l rudists 1 5i 
22 sponge spies I 21 10 glanconite I I i 
Humber in brackets ' nuaber of saaples possessing tbe paraamr out cf the tm! oi 19 
11: 
I: 
18: 
3: 
13: 
2: 
21: 
; : 
I: 
5: 
17: 
15: 
21: 
20: 
23: 
19: 
7: 
Roschers de Leschaux datafile analysed using JaccMat 
Optimized matrix of parameters 
11 I 18 3 13 2 21 
0 0 9 0 2 2 2 
10 7 8 0 5 5 5 
10 28 23 1 II II II 
7 28 33 jJ 38 38 38 
8 23 3l 50 32 32 32 
0 7 !l 10 29 29 29 
I 11 38 32 29 100 !00 
5 II 38 32 29 100 !00 
5 II 38 32 29 100 100 
6 II 39 29 26 97 97 97 
7 II 25 27 16 11 1i 7i 
9 17 29 jJ 23 6! 6! 61 
11 11 22 31 33 II II II 
0 5 21 13 31 II H H 
!i 11 5 6 0 11 II 11 
0 0 0 11 11 2i 2i 26 
0 0 0 6 6 17 17 17 
5 11 15 21 2& 13 19 ; 
3 I 0 0 
5 9 11 16 
IS 11 17 1! il 
39 25 21 21 21 I 
29 21 0 3! !J 6 ;! 
26 16 23 33 ll 0 i! ; 
97 7i il 41 H H 26 li 
97 i6 6! ll H !I 2i li 
97 76 il li H 11 16 .; 
73 il Ja II !5 27 ;g 
1J 60 29 2S ! 1 20 H 
61 60 38 19 !7 H 27 
38 21 38. lS !! 21 !l 
4! 28 !9 3! E l! 
15 !! 17 1! 1 :o 
27 20 3l 2! 41 it 
18 !! 27 li il :o " 
I! quarts ( 11 7 ooids ( 6! 
1 r algae I 21 19 bryamns I l) 
18 aicrobial mu ( 5 I 23 ostracods ( i I 
3 rudists ( !l) 20 corals ( !5) 
13 o form 1111 21 gastropods I !! I 
2 g algae I 10) 15 & form I 21) 
21 ecbinodem I 31) 17 micrite ( 16 i 
6 peloids ( 31) 5 brachiopods I 3J I 
I bivalves I H) I binlves ( 31 I 
5 brachiopods I 33) 6 peloids i Hl 
17 micrite ( 26 I 21 echinoderms I 311 
11 a form ( 22) 2 g algae i !0 i 
21 gastropods I 111 ll o ioms 1111 
20 corals I !51 3 rudists ! lll 
23 ostracods ( 5) 18 1icrobial ;;u I i) 
19 bryazoans I 9) 1 r a!ga~ [ ; i 
7 ooids ( 6 I 1: q1Jarts l ; r 
Buaber in brackets = nub~r of suples possessill·; :he p~ra~.~te! 0 1H oi the :Jta: ~! ;~ 
574 
l'ointc du Midi datafile analysed using JaccMat 
Optimized matrix of paramc1crs 
~ : 
2'. 
2G: 
:s: 
7: 
2. 
3 ~~ ~ ; 2l : !S ll 1~ !3 19 L4 
:o ; 
!~ ;e 55 57 52 32 2i 30 !~ 19 ii li 
sa Si H ;1 . • 11 55 so 5o 11 ll z; 
:s 17 lO I 1 7\' l5 11 li 11 II j; oO 
57 H 96 85 .;; 35 iS lo 53 li 10 3! 
12 H 91 aa ;s li 10 53 1a li 40 J! 
J1 1: 7~ 67 1a so 5i ;; 55 ;o 11 10 
21 " ;e 35 ll 10 ;; 10 11 ;a ;s li 
JO IS ii 5; 50 57 32 il 63 II 12 15 
;9 so 11 11 s; os 10 o: 6! 11 so 5o 
!i s~ ii ll 1a ss 17 ;: 11 51 12 50 
!6 H 15 16 16 60 3S 5! il 52 iS 17 
i i Ja 39 IC 10 52 ll 52 50 12 55 !l 
1 2i Jo 31 31 IC 2i 45 50 50 17 0 
!U·listo i 21 
!i mimte ( 20) 
bivalv<s I J!) 
bra:lio?ods i 33) 
2! 1chi~ccms 1 Ji' 
i p•loids i 32J 
!i 'form ( 251 
l! quarts ( Hi 
2( corals ! 191 
U o fcraas i 17) 
!i bryazoans i ili 
1 ooids ! !51 
;; gamopocs I !3) 
i alqae I !0) 
g algae 
H gastropods 
7 ooids 
!9 bryazms 
il o foraes 
lG corals 
!l quarts 
15 a form 
i peloids 
l! echinodem 
5 brachiopods 
I bivalves 
17 cicrite 
rndists 
( !Oi 
i ~ 3; 
i :i} 
i !7l 
I !!i 
i l:J 
i 10 
! 25! 
I ill 
( 321 
1 :;) 
! 3il 
i 201 
( l) 
~u•b•r :n brackets ' nuaier cf saeples pomssicg tbe pmnmr m ci tt; •~:;: ,: :; 
2: 
l: 
15: 
!7. 
Roc des Tours datafile analysed using JaccMat 
Oplimized matrix of parameters 
i 21 5 I 15 ll 1! 1 19 2 20 21 !l lj 12 iO 
·--------·-----·---------------·------·------·------------------
1o0 iOO i~f 100 
ao 100 too 100 
De lOG 100100 
" !00 100 100 
GO 100 !00 100 
l5 95 II 95 ll 
!5 75 60 60 
ii 75 60 60 
95 75 60 60 
ll 71 iO iQ 
95 71 60 60 
78 II 55 
11 11 11 il 75 1; 18 iO 
65 30 10 25 10 iO 10 
iS 3v 10 25 10 ;o 10 
iS lO 10 25 10 JO !C· 
6! 30 IG 25 10 
65 30 10 11 10 
30 19 
JO !& 
10 11 31 2e 12 :1 10 
61 23 27 25 0 ll !i 
7. ;o ;u ;o ;o ;o ss 11 iO 66 50 jJ 
i6 50 11 
I! 25 il 
H 25 !2 
': 
;; 60 iO 60 60 15 10 50 
;: ;; 61 65 ol ;o il c6 
30 30 30 ;; 30 21 tJ 10 
10 ;o 10 !O ;o 35 21 33 
25 25 15 li 21 2& 25 ·11 
n ;c lC to ;o ;; o 21 
10 JD 30 30 30 31 31 12 
!0 !0 !0 1~ !0 l~ 13 0 
20: 
'~ : 
2?. 
lC: 
peloids I 20j 
,, ech!ncdem ( 201 
hmbiopods I 10) 
bivalves i 201 
!I m iorams I 101 
~! .tier it! ! 19) 
!i quam ( !il 
ooid; i !l) 
:1 bryazoans ( !11 
q a!qae I 1: i 
2(1 corals Oi 
il qmropods e! 
!3 o forau 5) 
· ;; cstracods a! 
11 spo~ge spies 6) 
:o glauconite 2) 
5! !6 50 ;s H 1a 1; 
50 li 
12 50 10 
57 
7 
0 
0 
11 38 
25 3! 
12 18 
0 !5 
10 57 7 ( 
30 jj 2i !l 
;o 
33 3 
17 10 75 
!I o zs :1 
10 glauconite I 2) 
12 sponqe spies ( E) 
23 ostracods I 5) 
!3 o ioraas ( il 
2l gastropods 1 S} 
20 corals I E i 
2 q algae i 13) 
ll bryazoans ( 121 
7 ooids ( 12) 
!I qaam { 15) 
17 micrite ( 19) 
15 a !oms ! 20) 
I bivalves i 201 
5 brachiopods i 201 
2! echinodem ( 20) 
pe ioids ( 2~) 
S:.J:iber lr. tracl~ts = nlic~~! of s3aptes pJsses~io; the panmeter o;;t vf tl: :o:a~ o: i:· 
AppendixD 
Thone daiafile analysed using JaccMat 
·Optimized matrix of parameters 
1: 
3: 
17: 
I: 
6: 
I: 
21: 
15: 
11: 
13: 
2: 
7: 
21: 
23: 
20: 
19: 
10: 
1 3 17 5 I 21 15 11 13 
I 
2 li 
2 
56 17 
75 
2 11 11 
2 12 76 91 
2 2 2 
52 52 10 ll 
76 76 60 58 
91 91 80 73 
95 81 78 
2 12 76 91 91 80 78 
2 10 60 80 84 80 70 
17 
I I 0 
23 lS ll 17 
18 36 2S 27 
II 41 12 ll 
li li If 30 
18 IS li 33 
16 12 ll l2 
47 59 52 10 2 II 18 13 78 78 10 
I 23 13 II IS 18 IE 
I 38 3S I! II 48 12 ll 11 
ll 30 23 
0 23 
38 I 21 29 12 16 16 13 52 30 43 
0 17 21 31 lO Jl 32 10 23 23 33 
il 
26 i! :·l 
21 ;; !j 
32 !: !: .. 
36 !I !I lJ 
40 lS 15 !j 
ll !3 !S !I 
41 !5 11 !l 
JJ ll 11 !l 
IS :! 25 21 
H ll 12 17 
ll 10 22 !6 
13 31 11 0 26 21 ll 36 10 ll II 33 18 14 13 
II 6 7 13 IS 11 18 11 11 li li 10 
0 !8 16 13 II II 18 !I 11 26 12 22 
0 10 10 13 ll ll ll 1i 12 21 11 16 
0 I 0 0 2 2 2 2 I I I 0 
13 o a 11 
1 r al9ae I 1) 
l rudists I 251 
17 micrite I 361 
5 brachiopods I ll) 
6 peloids Ill 
I bivalves IS) 
21 echinoderms Ji I 
IS m form l71 
11 quarts 221 
ll o foms I 221 
2 9 al9ae I 21) 
7 ooids I Ill 
21 9astropods I 181 
23 ostracods I 71 
20 corals I 7) 
19 bryazoans I 61 
10 9lmonili I !I 
31 0 
II 8 30 
II 
10 qlauconite i) 
19 bryazoan; 6 I 
20 corals 71 
23 ostracods : i i 
21 qamcpods ( i!) 
7 ooids I lSI 
2 9 alqae ( 211 
li o form i 221 
11 quarts I 21 I 
11 1 !oms i 37) 
21 echi~odms I JS I 
I bivalves ! 41) 
6 peloids I Ill 
5 brachiopods i 13 I 
17 micrite I li! 
3 rudists I 21 I 
1 r ai9ae I 11 
30 0 
c 
Buaber in brackets = number of samples possessinq tbe parameter out of the tota: oi 15 
Lower Megabreccia datafile analysed using JaccMat 
Optimized matrix of parameters 
10: 
1: 
3: 
13: 
20 : 
21: 
2: 
19: 
1: 
6: 
11: 
I: 
I: 
21: 
17: 
11: 
23 : 
22: 
10 I l 13 20 21 2 19 1 6 15 5 I 21 11 11 2l 22 
----------------------------------------------------·-------------------
22 I 8 
11 23 
10 
9 9 6 8 I I I I l 
22 20 20 11 18 21 1l ll 11 ll li 7 c 
I 11 lS 38 31 30 26 25 21 21 21 21 11 12 5 
8 ll 10 
9 20 38 50 
9 20 38 15 10 
6 15 37 II 11 ll 
8 18 30 17 II 16 
I 21 26 12 12 II 
I 13 21 10 31 31 
I 13 21 10 31 31 
I 11 21 l8 ll 3l 
I 13 21 39 31 31 
I ll 21 39 ll 31 
10 II 51 11 12 10 10 Ji 39 39 16 18 i 6 
10 11 II 12 31 31 31 ll 31 2e li 12 12 
31 1i II 31 31 ll H 31 ll 2i !2 i 
II 31 19 18 19 11 11 39 27 22 14 
60 61 60 58 59 19 II 10 19 i1 II 
l 7 17 26 28 23 
7 6 12 18 26 26 
2 8 9 9 12 12 
0 3 I 6 12 6 
10 qlauconite 
1 r algae 
3 rudists 
13 o iorams 
20 corals 
21 9astropods 
2 g alqae 
19 brrazoans 
7 ooids 
6 peloids 
11 a form 
5 brachiopods 
1 bivalves 
21 echinodem 
17 aicrite 
11 quarts 
23 ostracods 
22 sponqe spies 
I ll 
I 81 
1111 
I 211 
I 211 
I 211 
I 291 
I 361 
Ill! 
119) 
I 601 
119) 
I 611 
I 611 
1121 
I Ill 
ill) 
I 211 
17 60 
19 61 
18 '60 
19 18 
17 19 
11 19 
l9 II 
21 10 
22 !9 
II 17 
15 II IJ II II II 18 30 26 
II 98 96 li 96 61 ii IS 40 
II 98 98 93 98 Sl 68 10 39 
13 96 98 96 96 81 iS II 10 
II 96 98 96 100 85 61 52 10 
II 96 98 96100 85 61 52 lv 
11 at sJ ss ss· a1 66 s• 1s 
18 66 68 69 61 61 66 55 ll 
lO 19 50 II 12 52 I! II 18 
26 10 39 10 10 10 18 13 58 
22 sponqe spies 
2l ostracods 
11 quarts 
11 micrite 
21 ecbinodms 
1 bivalves 
I brachiopods 
11 1 form 
6 peloids 
1 ooids 
19 bryaznans 
2 9 alqae 
21 qastropods 
20 corals 
ll o form 
l rudists 
r algae 
10 glauconite 
I 211 
I 321 
I Ill 
1121 
I 6!1 
I 611 
i 19) 
160) 
119) 
llll 
13ij 
i 291 
I 211 
ill) 
i 241 
!Ill 
( Si 
I li 
Bumber io brackets = number of samples possessir,q tbe parameter o~t of the :oral ci E: 
Combined Mega breccia dataOic analysed u.<ing JaccMat 
Optimized ma.trix of parameters 
0 15 ll 5 1 i 7 11 23 ;; 
!G: i5 j j 
., 
" 2: 
Zf: 
!l: 
) . 
0: 
!5; 
L!: 
i: 
ll: 
:1 !3 u li :2 iO 11 !i 12 l1 12 11 12 !C 
:; ii i£ j{ 32 2i 23 2i 20 ll 21 21 15 i1 9 
ii ll iJ 16 ll 12 H 2S 2S 21 26 21 IS !3 i 
li JS li ii ii II 36 28 21 2! 26 iS 22 21 i4 ii 
l2 ll H 16 " H 37 13 12 12 ll 12 36 ll ll lS 
10 31 il 35 i 50 10 10 38 40 39 10 ll ll 20 ;; 
II i1 !2 " 10 51 ll 52 52 ll ll 12 li 25 i1 
!i 23 il Je 10 51 II H li 12 ll li iS 21 ii 
;t 21 <l 2! 10 53 H 91 96 96 96 85 70 II ;; 
!! iO 2: ;; 36 52 II !I So 91 96 81 10 56 11 
12 21 11 2s 40 52 n 96 96 96 99 sa 12 :a 1s 
li 21 ;; 2E li 53 12 96 91 96 91 87 73 51 11 
ll 21 ;; 21 40 53 13 96 96 99 91 89 13 59 1\ 
15 1s 21 35 o Ji 85 ss sa s1 as H 61 5~ 
" !j " :! 38 38 10 10 71 13 7l 11 ·~ l3 
1; H 20 25 21 51 56 sa 11 19 61 " ;; 
:o ~lmmte 
~ alqH 
rudists 
~ f·nus 
H qasnopoCs 
g ai;;e 
i~ :orals 
i9 bryazous 
peicids 
:5 a iora1s 
'! ~chi!iJderes 
brach1opuds 
4 bivaives 
! 1 si:riu 
•• QUa!U 
i! ll 21 27 _16 11 18 11 19 51 12 63 
22 sponge ;pies I l! I 
23 ostracod; I ill 
l! quam I 731 
!1 aicrite I 89j 
I oivalm 1100) 
I brachiopods I 9i I 
2! echinoderas I 9i i 
15 1 iorm I iil 
peloids ! 9i! 
ooids I Iii 
19 bryazoans { li! 
:a corals ! 101 
2 g algae I 121 
21 qamopods I 2S I 
ll o iorm I 271 
rudists I 2!1 
n 'stracods r alqae I 121 
12 ;pcnqe spies 10 9lauconite I ll 
Nulh;r ic bracim = DijiDer oi sa1ples possessin9 the parameter out of the total of ;o; 
Upper Megabreccia datafilc analysed using JaccMat 
Optimized matrix of parameters 
I'. 
J: 
2fJ: 
!9 
': j 
21 
l: 
'. 
) : 
l: 
:J I H : 1 20 19 I ,. 
. ·' 
I ll !i II ll 11 
!Q II 1 i 5 
~~ !I ;s ~! 16 ll !l !I i) ll ! ; 10 
\6 i! i! !6 !0 10 :0 :0 i !0 I !~ !~ 
; ; 10 )\ }! i~ ll 11 20 :l 11 !4 16 IE 
' lb 
\I) ~j 21 j ~ . • j~ 
J S Jj ll Jl ]I ,, ll 31 ll lS ll 1) 
J: o 11 16 1o zs 11 2l JJ ~J l' 
:< l1 46 lC <i II ;J 31 l! J! 
n '' 41 ~J J9 n JG J1 H 
91 91 94 Yl 89 :0 64 56 
94 97 !9 n B 66 lS 
91 94 92 1S 66 IS 
:6 :o !8 ;s 11 n n 
;: !C ; I )! li <5 !4 91 
! l ! 0 11 H 16 SO ll 11 94 
:5 !Q !0 !) ll " 0 94 91 97 92 94 81 09 " 
:; !l J2 li 41 39 92 89 91 92 
'; !c 2; ;; !J :; JS S9 91 92 94 !1 
87 74 cl 61 
!6 n 6< 
65 55 " 1 ,, ;s 2J n Ji 76 79 11 s; H 36 
•o 11 !6 1: 13 l' 31 51 66 06 69 61 11 6S 
!1 13 ;; JO Jl J5 56 l! li 61 62 64 ll 70 
o fJrams { 3) 
rcc iSis 6! 
r a !gae lJ 
g!stropods S) 
b :igac ll/ 
ooids 101 
~,,:a Is ; 19) 
~ij'Hoans ~ i 1) 
Fd;ids \ )1) 
btaehi~pods ! Jil 
"hinoderms ! l!j 
b! ralve s \ 39) 
!!! fvra:as ~ E) 
;; i ~~it' ' ! 1! 
~u;n: :. }~! 
~s t r a ~'Jd s ; ! II 
~;~r:gt spi~$ : lq 
21 spo~le spies i 20 
2J ostracods I l1i 
l! qm:s IJ21 
11 oicri te I 31) 
IS s form I Jil 
bil'alves ( 39) 
ll ecbinodms !lSI 
l brachiopocs ( Jil 
6 peloios I Jll 
!9 bryazoans I !1) 
20 :orals I !9) 
1 ooies I 10) 
l & .algae I IJ I 
:1 gas\rop~d! !) 
r a~ gat 
rudists 
13 V fi>!US 
10 
575 
AppendixD 
·rlatform datafile anatY.oo ~ing JaccMat 
Optimized matrix of parameters 
Top dalafilc analysed using J3ccMat 
Optimized matrix of parameters 
10 : 
1: 
3: 
6: 
I: 
15: 
5 
17 
21 
13 
11 
2 
18 
21 
7 
19 
20 
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AppendixE 
Optimized Matrices of Jaccard Similarity Coefficient 
Between Samples for Individual Log Data Sets 
Calculated using JaccMat 
List of individual log data set sample matrices 
Matrices are presented in numeric followed by symbolic form 
La Clusaz Road Section 
Cluze Road Section 
Les Combes 
Col des Aravis 
Col de Encerenaz 
Col d' Landron 
Col du Spee 
Combe de la Bella Cha 
Combe de Grand Cret 
Combe de la Grande Forclaz 
Combe de Paccaly 
Combe north of Pointe Percee 
Combe de Tardevant 
Combe de la Torchere 
Le Creuse 
Petit Bomand Road Section 
Pic de Jallouvre 
Point du Midi 
Roc de Leschaux 
Roc des Tours 
Thone 
577 
V1 
'-I 
co 
s138 
s!40 
a1091 
s148 
a1096 
s139 
sW 
a1084 
a1095 
s144 
a1090 
a1092 
s150 
a1087 
HX 
s!58 
sm 
AX 
sm 
IX 
FX 
s143 
DX 
sm 
s156 
s154 
a1082 
Gl. 
i:X 
sm 
s497 
s!42 
s160 
a1089 
a!088a 
sm 
s15i 
a;091 
a!085 
aiC93a 
alu9Jb 
aiOeO 
sl!6 
a:ue8b 
r algae g algae rudists bivalves brachiopods peloids ooids quarts 
o forans a foraas micrite microbial au bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Numeric presentation of optimized matrix of samples 
1 3 31 9 37 2 8 21 36 6 30 32 10 26 43 u 19 38 18 u u 5 39 15 13 12 ;123 42 40 21 20 4 16 29 27 11 11 35 25 33 34 22 7 28 
;! 
--------------------------------------------------------------------------r--------------------------------------------
1 : 77 75 75 66 80 66 50 60 70 50 54 45 41 54 63 63 63 54 58 58 50 66 38 u u 38 61 53 50 53 50 46 38 42 46 40 40 38 40 40 35 33 0 
3 : 77 75 75 66 80 50 50 60 70 50 54 45 41 54 63 63 50 54 58 46 50 53 38 u u 38 50 42 50 53 61 46 38 42 46 40 40 38 40 40 35 33 0 
31 : 75 75 100 85 60 62 62 75 66 62 50 55 50 66 60 60 60 66 54 54 60 50 45 50 50 45 46 50 60 50 46 54 45 50 42 46 46 45 46 46 41 38 0 
9 : 75 75 100 85 60 62 62 75 66 62 50 55 50 66 60 60 60 66 54 54 60 50 45 50 50 45 . 46 50 60 50 46 54 45 50 u 46 46 45 46 46 41 38 0 
37 : 66 66 85 85 51 55 75 87 77 55 60 66 45 60 51 54 51 60 50 50 70 46 u 60 60 54 12 46 51 46 42 50 54 58 50 53 53 u 53 53 50 16 14 
2 : 80 80 60 60 54 54 41 50 58 41 16 38 35 46 66 66 66 58 61 61 42 57 42 46 46 33 64 57 53 57 64 50 12 46 50 43 43 42 43 43 40 37 0 
8 : 66 50 62 62 55 54 40 50 45 40 33 36 33 60 u 41 54 45 50 50 54 58 30 33 ~5 u 53 46 54 46 42 50 30 35 40 33 33 54 42 42 38 46 0 
21 : 50 50 62 62 75 41 40 66 60 55 60 87 45 60 54 54 54 60 38 50 54 46 u 60 60 u 42 46 41 46 33 50 54 58 50 53 53 30 53 53 50 46 14 
H: W W H H ~ ~ ~ ~ M ~ M 77 41 ~ ~ ~ ~ ~ 46 46 ~ U ~ M ro ~ron~ n ~ 46 ~ ~ n ~ ~ ~ U ~ ~ 42 U 
6 : 70 70 66 66 77 58 45 60 70 60 63 54 50 63 72 72 58 63 66 53 72 61 46 50 50 46 57 50 58 61 57 53 58 61 64 57 57 46 57 57 53 50 1i 
~: ~ ~ ~ ~ ~ 41 ro ~ ~ W W ~ 77 77 M M M 77 ~ ~ ~ ~ M W ~ ~ ~ ~ ~ ~ n ~ ro ~ ~ ~ ~ U ~ ~ ~ 46 0 
32 : 54 51 50 50 60 16 33 60 70 63 60 70 50 50 58 58 46 50 42 42 58 50 46 80 63 H 46 40 35 50 46 42 58 61 H 57 57 35 57 57 53 10 11 
10 : 45 45 55 55 66 38 36 87 77 54 50 70 41 51 50 50 50 51 35 46 63 42 38 70 70 50 40 42 38 42 40 46 50 66 57 61 61 38 61 61 58 42 12 
26 : 41 41 50 50 45 35 33 15 41 50 77 50 41 63 58 58 58 63 53 66 46 50 90 50 38 46 46 61 46 50 37 53 58 50 43 57 57 35 46 46 42 50 0 
13 : 54 54 66 66 60 46 60 60 54 63 77 50 51 63 72 72 72 80 66 66 72 75 58 50 50 35 69 61 72 75 57 81 58 61 64 57 57 58 69 69 53 6! 0 
14 : 63 63 60 60 54 66 41 54 50 72 70 58 50 58 12 100 81 90 75 75 53 69 66 58 58 33 76 69 66 83 64 75 66 69 11 64 64 53 64 64 61 57 0 
19 : 63 63 60 60 54 66 11 54 50 72 70 58 50 58 72 100 81 90 75 75 53 69 66 58 58 33 76 69 66 83 64 75 66 69 71 64 64 53 64 64 61 57 0 
38 : 63 50 60 60 51 66 54 54 50 58 70 46 50 58 72 81 81 90 61 90 53 69 66 58 58 33 76 83 66 69 53 75 66 69 60 64 64 53 64 64 61 57 0 
18 : 54 54 66 66 60 58 45 60 54 63 77 50 54 63 80 90 90 90 66 81 58 61 72 63 63 35 69 75 72 75 57 81 72 75 64 69 69 58 69 69 66 61 0 
44 : 58 58 51 51 50 61 50 38 !6 66 50 !2 35 53 66 75 75 61 66 69 61 61 61 42 42 40 71 61 75 76 71 69 50 53 66 60 60 61 60 60 46 64 0 
41 : 58 46 54 54 50 61 50 50 46 53 63 42 46 66 66 75 75 90 81 69 5Q 64 75 53 53 40 71 91 61 64 50 69 61 61 56 71 71 50 60 60 57 64 0 
5 : 50 50 60 60 70 42 5! 54 80 12 54 58 63 46 12 53 53 53 58 t1 50 57 42 58 58 53 53 46 66 57 64 61 53 69 71 64 64 66 76 76 61 57 10 
39 : 66 53 50 50 16 57 58 46 42 61 58 50 42 50 75 69 69 69 61 64 64 57 46 40 40 37 92 71 69 84 66 76 57 60 73 56 56 57 66 66 53 60 0 
15 : 38 38 45 45 41 42 30 41 38 46 70 46 38 90 58 66 66 66 72 61 75 42 46 58 46 12 53 69 53 57 (3 61 66 57 50 64 64 42 53 53 50 57 0 
13 : 11 11 50 50 60 46 33 60 70 50 60 80 70 50 50 58 58 58 63 42 53 58 40 58 80 46 46 50 46 50 16 53 72 75 64 69 69 46 69 69 66 50 II 
12 : 11 !I 50 50 60 46 45 60 70 50 15 63 70 38 50 58 58 58 63 12 53 58 40 46 80 58 46 50 (6 50 46 53 58 75 64 69 69 58 69 69 81 61 il 
23 : ~ ~ 45 45 ~ D 11 II 63 46 m 46 50 46 35 D D 33 35 ro W ~ 37 42 46 ~ 35 46 42 n 43 40 42 n 50 64 64 53 53 ~ U n 10 
l2 : 61 50 46 46 42 61 53 42 40 57 53 46 40 46 69 76 76 76 69 71 11 53 92 53 46 46 35 78 76 92 13 84 64 66 80 62 62 61 73 13 60 66 0 
40 : 53 42 50 50 46 57 16 46 42 50 58 40 42 61 61 69 69 83 75 64 91 46 11 69 50 50 46 78 69 11 56 76 69 11 62 78 78 57 66 66 64 7i 0 
21 : 50 50 60 60 54 53 54 41 50 58 54 35 38 16 12 66 66 66 72 75 61 66 69 53 46 46 12 76 69 83 76 90 66 69 11 64 64 81 76 76 61 69 0 
20 : 53 53 50 50 46 57 46 46 42 61 58 50 42 50 75 8i 83 69 75 76 64 57 84 57 50 50 37 92 11 83 78 91 69 11 85 66 66 69 78 78 64 11 0 
I : 50 61 46 46 42 61 42 33 50 57 (2 16 40 37 57 64 61 53 57 11 50 64 66 43 46 46 43 73 56 76 78 71 53 66 80 62 62 76 73 73 60 56 
16 : 46 46 54 54 50 50 50 50 46 53 63 42 46 53 81 75 75 75 81 69 69 61 76 61 53 53 40 84 76 90 91 71 75 76 78 71 71 75 84 8l 69 76 
29 : 38 38 45 45 54 42 30 54 50 56 70 56 50 58 56 66 66 66 12 50 61 53 57 66 72 58 (2 64 69 66: 69 53 75 83 71 76 76 53 76 76 75 69 !0 
27 : 42 42 50 50 58 46 35 58 66 61 58 61 66 5C 61 59 69 69 75 53 64 69 60 57 75 75 57 66 11 69 11 66 76 83 85 92 92 69 92 92 91 11 8 
17 : 46 46 42 42 50 50 40 50 57 61 50 64 57 43 64 11 11 60 64 66 56 71 73 50 64 64 50 80 62 11 85 80 78 71 85 80 60 71 92 92 78 73 
11 : 40 40 46 46 53 43 33 53 61 57 53 57 61 57 57 64 61 64 69 60 7i 64 56 64 69 69 64 62 78 64 66 62 71 76 92 80 100 64 85 85 84 78 
35 : 40 40 16 . 16 53 43 33 53 61 57 53 57 61 57 57 H 64 64 69 60 7! 64 56 64 69 69 6! 62 78 64 66 62 71 76 92 80 100 64 85 85 84 18 
2s : 38 38 45 45 11 42 54 Jo 50 46 u 35 38 35 5e 5: 53 53 58 61 so 65 57 42 46 58 53 64 57 81 69 76 75 53 69 11 64 64 76 76 75 69 
33 : 10 40 16 46 53 43 42 5] 61 57 53 57 61 46 69 6! 61 64 69 60 60 76 66 53 69 69 53 1l 66 76 78 13 84 76 92 92 85 85 76 100 8l 78 
31 : 40 10 46 l6 53 43 42 53 61 57 53 57 61 46 69 61 51 64 69 60 60 76 66 53 69 69 53 13 66 76 78 73 84 76 92 92 85 85 76 100 84 78 
22 : 35 35 11 H 5o 10 38 5o 5e 53 5o 53 58 12 53 6; oi 61 66 16 57 61 53 50 66 81 61 60 64 61 64 60 69 75 91 78 84 84 75 84 84 76 
7 : !3 33 38 38 46 37 46 46 12 50 16 40 42 50 61 57 57 57 61 61 64 57 60 57 50 61 57 66 11 69 11 56 76 69 11 73 78 78 69 78 78 76 
28 : 0 0 0 0 H 0 0 14 12 II 0 II 12 0 0 0 0 0 0 0 0 10 0 0 11 11 10 0 0 0 0 0 0 10 8 7 7 7 0 7 7 9 
~ 
"15 ('\) 
;::s 
~ ~· 
t"t:l. 
Appendix£ 
La Clusaz datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderns sponge spies 
ostracods gastropods 
Symbolic presentation of optimized matrix of samples 
Key to codes X = SQ-100 x = 70-79 + = 60-69 = = 50-59 - = .40-49 : = 30-39 . = 20-29 
-----------------------
s138 1 X X X t X t = t X : = - - = t t t : : : = t : - - : t = : = = - : - - - - : - - : : 
s140 3 X X X + X = =· + X = = - - = t t : = = - = = : - - : = - = = + - : - - - - : - - : : 
al091 31 X X X X + + + X + + : = = + + + + + = = + = - : : - - = + = - = - = - - - - - - - : 
s148 9 X X X X + + + X + + = = = + t t t + = = t = - = = - - = t = - = - = - - - - - - - : 
a1096 37 t t X X = = X X X = + + - t = = = + = = X - - t t = - - = - - = = = = = = - = = = -
s139 2 X X t t = = - = = - - : : - t t t = t t - = - - - : t = = = t = - - = - - - - - - : 
s147 8 + = + + = = - = - - : : : + - - = - = = = = : : - - = - = - - = : : - : : = - - : -
a1084 24 = = t t X - - + + = + X - t = = = t : : : - - t + - - - - - : = = = = = = : = = = -
a1095 36 t t X X X : : t X = X X - = : = = : - - X - : X X t - - = - = - = t = t t = + + = -
S144 6 X X t t X = - t X t t : : t X X : t t : X t - : : - : : : t : : : t t : = - : = : : 
a1090 30 : : t t : - - : : t t : X X X X X X : t : : X t - : = : : : - t X : : = : - : : : -
al092 32 : : : : t - : t X t t X : : : : - : - - : : - X t - - - : = - - : t t : : : = = = -
s150 10 - - = : + : : X X : : X - = : : : = : - t - : X X : - - : - - - = t = + + : t + = -
a1087 26 - - = = - : : - - = X = - t : : : + : + - = X = : - - + - : : = = = - : : : - - - : 
HX 43 : : + + + - + + : + X : : + X X X X + + X X : : : : + + X X = X : + + : : : + + = + 
s158 14 + + + + = t - = = X X = : : X X X X X X = + + : : : X + + X + X + + X + + = + + + = 
s496 19 + + + + = + - = = x x = = = x X X X x x = + + = = : x + + X + x + + x + + = + + + = 
AX 38 + = t + : + = : = = X - = : X X X X + X : + + : : : X X t + = X + t t t t = + t + = 
s495 18 = = + + + = - + = + x = = + X X X X + X = + x + + : + x x x = X x x + + + = + + + + 
IX 44 : : : : : + : : - + : - : : t X X + + + t + + - - - X + X X X + = = + + + + + + - + 
FX 41 =-===+==-=+--++xxXX+ =+x==-xX++=+++=xx=++=+ 
s143 5 = : t + X - = = X X = : t - X = : = : + = = - : : = = - t : + + = + X + + + X X + = 
DX 39 + : = : - : = - - + = = - : X + + t t t t : - - - : X X + X + X : t X : = : + t : t 
s159 15 : : - - - - : - : - X - : X = t t t X t X - - : - - : + : = - t + = = + + - = = = = 
s156 13 - - = = + - : + x = t X x = = = = = + - = = - = X - - = - = - = x x + + + - + + + = 
s154 12 - - = = + - - + x = - + x : = = = = + - = = - - X = - = - = - = = x + + + = + + X + 
a1082 23 : : - - = : - - t - : - = - : : : : : - - = : - - = : - - : - - - = = t t = = = t = 
GX 42 t = - - - + = - - = = - - - + X X X t X X = X = - - : X X X X X t t X t + t X X + + 
EX 40 : - : = - : - - - = = - - + + t t X X t X - X t : : - X + X = X + X + X X = + + + X 
s499 21 : : + + : = : - : = : : : - X t t t X X t + t : - - - X + X X X t + X + + X X X + + 
s497 20 = = = = - = - - - + = = - = x X X + x x + = X = = = : X x X x X + x X + + + x x + x 
s142 4 : + - - - t - : : : - - - : = + + : : X = t + - - - - X : X X X : + X + + X X X + = 
sl60 16 - - : = = = : = - : + - - = X X X X X + + + X + : : - X X X X X X X X X X X X X + X 
a1089 29 : : - - : - : = : = X = = : : + + t X : t : .: + X = - + + + + : X X X X X = X X X + 
a1088a 27 - - = = = - : : + + = t t = t t t + X = + + + : X X : + X t X + X X X X X + X X X X 
s494 17 - - - - = = - = = + = + = - + x x + + + = x x = + + = X + x X X x x X X X x X X x x 
s153 11 - - - - = - ; : + = = = t = = t + t + + X + : t t t t t X + + t X X X X X t X X X X 
a1094 35 - - - - = - : = t = = = + : = + + + + + X t : + t + t t X t + t X X X X X t X X X X 
al085 25 : : - - - - : : : - - : : : : : : : : t : t : - - = : + : X + X X : t X + t X X X + 
al093a 33 - - - - = - - = + = = = + - + + + + + + + x + = + + = x + x x x X x X X X X x X X x 
al093b 34 - - - - : - - : t : : : + - + + t t + + + X + = + + = X t X X X X X X X X X X X X X 
a1080 22 : : - - = - : = = = = = = - = + + + + - = t = = + X + + + t + + + X X X X X X X X X 
s146 7 : : : : - : - - - : - - - = t : = : t t t : t : = t = t X t X : X t X X X X t X X X 
a1088b 28 
---------------------------------------------------------------------
579 
a839a 
a872 
a871 
aSH 
a865 
a864 
a899 
· a854 
· a838 
a921 
a942 
a84lb 
a849 
a843 
a877 
a873 
a924 
a900 
a869 
a839b 
a912 
a844 
a836 
a856 
a662 
a867 
a858 
a927 
a866 
a925 
a929c 
a897 
a848 
a841a 
a83 5 
a906 
a902 
a63 4b 
a919 
a847 
a898 
a895 
a840 
a837 
· a907 
a855a 
a863 
a917 
a933 
a861 
a868 
a883 
a911 
a922 
_ a934 
a8Ha 
a929 
a947 
a901 
a878 
a929x 
a944 
a903 
a938 
a920 
a937 
a941 
a93 2b 
a918 
a916 
a932a 
a931 
a930 
Cluze datafile analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids quarts o forams 
m forams micrite bryazoans corals echinoderms gastropods 
Numeric presentation of optimised matrix of samples 
Appendix E / 
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Cluze datafile analysed using JaccMat 
g algae rudists b1valves brachiopods peloids ooids quarts o forams 
m forams micrite bryazoans corals echinoderms gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 50-69 = = 50-59 - = 40-49 : = 30-l9 . = 20-29 
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Appendix E 
Les Combes datafile analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids glauconite quarts 
o forams ill forams micrite microbial mu corals echinoderms gastropods 
Numeric presentation of optimised matrix of samples 
1 17 5 15 4 10 7 6 3 13 14 12 11 21 a· 2 16 9 19 18 20 
------------------------------------------------------------------------------------
a 53 1 : 81 81 80 66 66 66 72 72 72 72 63 53 66 66 66 46 63 58 58 53 
a161 17 : 81 100 81 83 83 83 90 90 90 90 81 69 83 83 83 61 81 75 75 69 
a 57 5 : 81 100 81 83 83 83 90 90 90 90 81 69 83 83 83 61 81 75 75 69 
a159 15 : 80 81 81 81 81 81 90 90 90 90 80 66 81 81 81 58 80 72 72 66 
a 56 4 : 66 83 83 81 100 100 90 90 90 90 81 83 83 83 83 75 81 75 75 59 
a153 10 : 66 83 83 81 100 100 90 90 90 90 81 83 83 83 83 75 81 75 75 69 
a 59 7 : 66 83 83 81 100 100 90 90 90 90 81 83 83 83 83 75 81 75 75 69 
a 58 6 : 72 90 90 90 90 90 90 100 100 100 90 75 90 90 90 66 90 81 81 75 
a 55 3 : 72 90 90 90 90 90 90 100 100 100 90 75 90 90 90 66 90 81 81 75 
a156 13: 72 90 90 90 90 90 90 100 100 100 90 75 90 90 90 66 90 81 81 75 
a158 14 : 72 90 90 90 90 90 90 100 100 100 90 75 90 90 90 66 90 81 81 75 
a155 12 : 63 81 81 80 81 81 81 90 90 90 90 81 81 81 81 72 80 72 72 66 
a154 11: 53 69 69 66 83 83 83 75 75 75 75 81 69 69 69 90 66 61 61 57 
a166 21 : 66 83 83 81 83 83 83 90 90 90 90 81 69 100 100 61 81 75 75 83 
a60 8 : 66 83 83 81 83 83 83 90 90 90 90 81 69 100 100 61 81 75 75 83 
a 54 2 : 66 83 83 81 83 83 83 90 90 90 90 81 69 100 100 51 81 75 75 83 
a160 16 : 46 61 61 58 75 75 75 66 66 66 66 72 90 61 61 61 58 66 53 50 
a61 9 : 63 81 81 80 81 81 81 90 90 90 90 80 66 81 81 81 58 72 90 81 
a164x 19 : 58 75 75 72 75 75 75 81 81 81 81 72 61 75 75 75 66 72 81 75 
a163x 18 : 58 75 75 72 75 75 75 81 81 81 81 72 61 75 75 75 53 90 81 90 
a165x 20 : 53 69 69 66 69 69 69 75 75 75 75 66 57 83 83 83 50 81 75 90 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 X = 70-79 + = 60-69 = = 50-59 - = 40-49 : = 30-39 . = 20-29 I 
I ------------------------------------------
a 53 1 X X X + + + X X X X + = + + + - + = = = 
( a161 17 X X X X X X X X X X X + X X X + X X X + 
a 57 5 X X X X X X X X X X X + X X X + X X X + 
a159 15 X X X X X X X X X X X + X X X = X x X + 
a 56 4 + X X X X X X X X X X X X X X x X x X + 
a153 10 t X X X X X X X X X X X X X X x X X X + 
a 59 7 +XXX XX X X X X X X X X X x X X X + 
a 58 6 x X X X X X X X X X X x X X X + X X X X 
a 55 3 x X X X X X X X X X X x X X X + X X X x 
a156 13 x X X X X X X X X X X x X X X + X X X X 
a158 14 x X X X X X X X X X X x X X X + X X X x 
a155 12 + X X X X X X X X X X X X X X X X X X + 
a154 11 = + t + X X X X X X X X + t + X t t + = 
a166 21 + X X X X X X X X X X X + X X + X X x X 
a60 8 t X X X X X X X X X X X + X X + X X X X 
a 54 2 t X X X X X X X X X X X + X X t X X X X 
a160 16 - + + = X X X + + + t X X + + + = + = = 
a61 9 + X X X X X X X X X X X + X X X = X X X 
a164x 19 = X X X X X X X X X X X + X X X + X X X 
a163x '-J.C = X X X X X X X X X X X + X X X = X X X 
a165x 20 = + t • + + t X X X X + = K X X = X X X 
------------------------------------------
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Col des Aravis datafile analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids quarts o forams 
rn forams micrite .microbial mu bryazoans corals ·echinoder~s sponge spies ostracods 
gastropods 
Numeric presentation of optimised matrix of samples 
H: 
,. 
lJ 
27 : 
e : 
'1 . ,, . 
26: 
18 : 
11 . ' . 
21 . ' . 
2: . . . 
3C : 
lS : 
9 : 
I : 
10 : 
22: 
3 : 
4 : 
i : 
31 
E : 
16 : 
2c . ' . 
20 : 
"lt ' L.) ' 
5 : 
32 
2E 
: ~ 
; 2 
33 
35 
2 
24 13 27 11 26 18 17 21 23 30 19 
87 87 77 88 80 
87 100 87 77 70 
87 100 87 77 70 
11 e7 e1 10 80 
88 77 77 70 90 
80 70 70 80 90 
66 75 75 66 77 70 
77 87 87 77 88 80 
77 87 87 i1 88 80 
77 87 87 77 88 80 
77 8i 81 11 88 80 
77 87 8i 77 88 80 
56 75 75 66 77 70 
63 70 iO 80 72 81 
60 50 50 45 70 63 
eo 10 10 63 90 81 
63 70 70 80 72 81 
63 70 10 eo 12 81 
70 77 77 70 80 72 
10 77 77 70 eo 12 
70 77 17 70 80 72 
70 77 i7 70 80 72 
70 71 77 70 80 72 
iO 77 17 70 80 72 
70 77 77 70 80 72 
70 77 77 70 80 72 
60 66 66 60 70 63 
53 58 58 53 61 57 
63 70 70 63 72 66 
58 50 50 46 53 50 
5~ 60 60 54 63 58 
54 60 60 54 63 58 
46 SQ 5C 58 53 61 
35 35 38 46 33 40 
30 33 33 30 40 36 
46 50 50 46 53 50 
66 77 77 77 77 77 
75 87 87 87 87 87 
75 87 87 87 87 87 
66 77 77 77 77 77 
77 88 88 88 88 88 
70 80 80 80 80 80 
87 87 87 87 87 
87 100 100 100 100 
87 100 100 100 100 
87 100 100 100 100 
87 100 100 100 100 
87 100 100 100 100 
75 87 87 87 87 87 
10 80 80 eo 80 80 
66 60 60 60 60 60 
70 80 80 80 80 80 
70 80 80 80 80 80 
70 80 80 80 80 80 
77 88 88 88 88 88 
11 88 88 as 88 88 
77 88 88 88 88 88 
11 88 ea 88 88 88 
77 88 88 88 88 88 
77 88 88 88 88 86 
77 88 88 88 88 88 
77 88 88 88 88 88 
66 77 77 77 77 77 
58 66 66 66 66 66 
70 80 80 80 80 80 
38 46 46 46 46 46 
60 70 70 70 70 70 
60 70 70 70 70 70 
50 58 58 58 58 58 
28 35 35 35 35 35 
50 44 44 44 ~~ 44 
50 58 58 58 58 58 
10 22 31 16 29 20 25 32 28 34 12 33 35 14 :s 36 
66 6 60 so 63 63 70 70 70 70 70 70 70 70 60 
75 ; 50 70 70 70 7i 77 77 77 77 77 77 77 66 
75 i 50 70 70 70 7i 77 77 77 77 77 77 77 66 
66 e 45 63 so 80 10 10 10 10 10 10 10 10 6o 
77 i2 70 90 72 72 so 80 80 80 80 80 80 80 70" 
10 a: 63 81 e1 81 12 12 12 12 12 12 12 12 53 
75 iu 66 10 70 10 77 11 11 11 11 11 11 11 66 
e7 80 60 80 80 80 88 88 88 88 88 88 88 88 77 
87 so 60 80 80 80 ae 88 88 88 88 88 88 88 77 
e7 ec 60 80 80 eo 88 88 88 88 88 88 88 88 11 
87 EG 60 80 80 80 88 88 88 88 88 88 88 88 77 
87 ED 60 80 80 80 86 88 86 88 88 88 88 88 ~7 
iG 50 70 70 70 77 77 77 77 77 77 77 77 87 
70 50 66 €1 81 72 72 72 72 72 72 72 72 63 
50 50 80 63 63 70 70 70 70 70 70 70 70 60 
10 6: 80 e1 81 90 90 90 90 90 90 90 90 eo 
70 Bl 63 81 100 90 90 90 90 90 90 90 90 80 
70 ei 63 81 iOO SO 90 90 90 99 90 90 90 80 
77 72 70 90 90 90 100 100 100 100 100 100 100 ee 
77 '2 10 90 so so lJG 100 100 100 100 100 100 8B 
n n iO go go 90 ;.;o 100 100 100 100 100 100 az 
77 :; :o 90 ~0 SQ 100 100 100 !CO 100 lOG IOC ee 
11 ii 70 9C· 90 90 ~00 100 100 100 100 iOO 100 Be 
11 ; ; 70 9V 90 90 100 100 100 100 100 100 iOG es 
77 72 70 90 90 90 100 100 100 100 100 100 100 88 
77 ;; 70 90 90 90 100 iOO 100 100 100 100 100 88 
87 ~: 60 80 eo 80 8e 88 88 88 88 ss 88 88 
58 ~; 42 57 57 57 E: E1 61 61 61 61 61 61 ~3 
53 63 58 5~ 54 
58 70 50 60 60 
58 70 50 60 60 
53 63 46 54 54 
61 72 53 63 63 
57 56 50 58 58 
58 70 38 60 60 
66 80 46 70 70 
66 80 46 70 70 
66 80 46 70 70 
66 80 46 iO 70 
66 80 45 70 70 
58 10 38 co 60 
57 66 40 58 58 
42 63 35 5~ 54 
57 81 50 72 72 
57 81 40 72 72 
57 81 lO 12 72 
61 so 42 20 ao 
4£ 35 30 45 
50 38 :3 50 
• • 50 
3G H 
50 38 
55 46 
53 33 40 53 
61 40 :: 5v 
50 28 50 50 
4l 56 58 35 
58 35 ~~ 58 
58 35 4~ 52 
4 58 
~ 58 
58 35 
58 35 
50 28 : 50 
50 50 
18 46 
31 51 
40 51 
75 4C s: 6: 
o~ 33 :: 5E 
61 90 C2 30 80 65 3 6 
61 9o 42 8o ao Ec 3 5 
51 90 ~; EO 60 SS 3 E 
61 90 42 ao eo 65 3 5 
61 90 42 80 eo E! 3 6 
61 90 42 ao ao 
61 90 42 BG 80 
53 80 35 70 70 
69 64 ol 61 
5 E 33 
E£ 33 
58 26 
56 
5 66 
5 58 
H 53 3C' 64 
10 ee 63 81 81 81 90 90 90 90 90 90 90 90 eo 69 50 90 90 75 4Q ~~ 75 
53 53 51 57 i3 59 38 ~:· 35 50 ~0 40 c 42 42 42 42 42 42 42 35 64 50 
60 ~~ 54 72 12 12 so so eo so 80 so so eo 10 61 90 53 100 81 c2 s~ a1 
60 5: )< 12 12 12 c(: ao 80 80 eo eo 80 so 70 61 90 
50 ~: l6 61 7: 7 5 6 6 56 6 6 6 6 6 6 6 6 6 6 6 6 58 6 4 7 5 
28 5( 18 31 ~0 ~0 33 33 33 33 33 33 33 33 26 53 40 
50 3E H 50 50 50 55 55 55 55 55 55 55 55 62 30 50 
50 50 46 61 51 6i 66 66 66 66 66 66 66 66 58 64 75 
53 !DO El ~2 5! Ei 
5i e1 a1 57 4~ 59 
57 42 42 5 
23 55 55 4 H 
l ~ 4 6 
4 5 
69 8! 81 69 46 ~~ 
~ 
"15 ('\) 
:=:! 
~ ~· 
t't1 
s113 
s84 
s117 
s78 
s82 
s116 
s95 
s92 
s98 
s112 
s120 
s96 
s79 
s77 
s81 
s111 
s73 
s74 
s72a 
s112 
s76 
s91 
s119 
s97 
s115 
s75 
s123 
s118 
s862 
s83 
s861 
s863 
s72b 
s89 
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Appendix E 
Col des Aravis datafi_le analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids quarts o forams 
m forams micrite microbial mu bryazoans corals echinoderms sponge spies ostracods 
gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 : = 30-39 . = 20-29 
24 
13 
27 
8 
11 
26 
18 
17 
21 
23 
30 
19 
9 
7 
10 
22 
3 
4 
1 
31 
6 
16 
29 
20 
25 
5 
32 
28 
34 
12 
33 
35 
2 
14 
15 
36 
------------------------------------------------------------------------
X X X X X + X X X X X + + + X + + X X X X X X X X + = + = = = - : 
X X X X X X X X X X X X X = X X X X X X X X X X X t· = X = + + = : . -
X X X X X X X X X X X X X = X X X X X X X X X X X + = X = + + = : . -
X X X X X + X X X X X + X - t X X X X X X X X X X + = + - : = = - : -
X X X X X X X X X X X X X X X X X X X X X X X X X X + X = + + = : - = 
X X X X X X X X X X X X X + X X X X X X X X X X X + = + = = = + - : = 
+ X X t X X X X X X X X X + X X X X X X X X X X X + = X : + + = . = = 
x X X x X X X X X X X X X + X X X X X X X X X X X x + X - x x = : - = 
x X X x X X X X X X X X X + X X X X X X X X X X X x + X - x x = : - = 
x X X X X X X X X X X X X+ X X X X X X X X X X X x +X- x x = :.- = 
x X X x X X X X X X X X X + X X X X X X X X X X X x + X - x x = : - = 
x X X x X X X X X X X X X + X X X X X X X X X X X X + X - X X = : - = 
+ X X + X X X X X X X X X : X X X X X X X X X X X X : X : + + = . : : 
+ X X X X X X X X X X X X = + X X X X X X X X X X + = + - = = + = : = 
t : : - X t t t t t t t : = X t t X X X X X X X X t - t : : : -
X X x t X X X X X X X X X + X X X X X X X X X X X X = X = x X + : = t 
+ X x X X X X X X X X X X X t X X X X X X X X X X X = X - X X X - = + 
t X X X X X X X X X X X X X + X X X X X X X X X X X = X - x X X - = t 
X X X X X X x X X X X X X X X X X X X X X X X X X X t X - X X + : = t 
x X X x X X X X X X X X x x X X X X X X X X X X X X + X - X X + : = + 
X X X x X X X X X X X X X X x X X X X X X X X X X X + X - X X t : = t 
x X X X X X X X X X X X x X X X X X X X X X X X X X + X - X X + : = + 
X X X X X X X X X X X X X X X X X X X X X X X X X X t X - X X + : : t 
X X X X X X X X X X X X X X X X X X X X X X X X X X + X - X X + : = + 
X X X X X X X X X X X X X X X X X X X X X X X X X X + X - X X t : : + 
X X X X X X X X X X X X X X X X X X X X X X X X X X + X - X X + : = + 
+ + + + X + + X X X X X X + + X X X X X X X X X X X = X : X X = . + = 
= = = = + : = + t + + + : : - = = = + + + + + + + + = + + + + + = : + 
+ x x + X + x X X X X X X + + X X X X X X X X X X X X + = X X X - : X 
= = = - : = : - - - - - : - : = - - - - - - - - - - : + = - - - - + 
: + + = + : + X X X X X + = = X X X X X X X X X X X X + X = X X - = X 
: + + = + = t X X X x X + = = X X X X X X X X X X X X t X = X X - = X 
- = = : : + = = : : = = = + - + X X t + + t t + + + = + X = X X : - t 
: = = = 
: - : = - - - - - = : - = = = = : = = = = = = t : = . = = -
- : : - : : : : : : = : = = - + t + + + + + t t + t = t X t X X t - -
------------------------------------------------------------------------
584 
V1 
co 
V1 
am 
a~06 
a387 
a38e 
a402 
am 
HOO 
aj82 
am 
a381 
a369 
aHla 
a03 
am a 
am 
a06 
a376 
a!15 
a3iS 
a373 
aH7 
a386 
a383 
.. ' ~ .. 
G.'tJ.O: 
am 
2.4~9 
a~14 
a41~ 
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a
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am 
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Col de Land ron datafile analysed using JaccMat 
q alqae rudists bivalves brachiopods peloids ooids glauconite quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Numeric presentation of optimised matrix of samples 
19 20 11 12 17 1 14 8 3, 2 16 18 15 13 28 6 2i 5 4 21 10 9 25 22 30 26 34 33 24 32 29 23 31 
19 : 100 100 100 71 66 85 62 60 75 54 66 75 66 55 55 60 62 55 42 55 60 60 50 55 50 50 46 46 36 36 36 33 30 
20 : 100 100 100 71 66 85 62 60 75 54 66 75 66 55 55 60 62 55 42 55 60 60 50 55 50 50 46 46 36 36 36 33 30 
11 : iOO 100 100 71 66 85 62 60 75 54 66 75 66 55 55 60 62 55 42 55 60 60 50 55 50 50 46 46 36 36 36 33 30 
12 : 100 100 100 i1 66 85 62 60 75 54 66 75 66 55 55 60 62 55 42 55 60 60 50 55 50 50 46 46 36 36 36 33 3D 
li : 71 71 71 71 66 85 62 60 75 54 66 75 66 75 55 60 62 55 42 55 60 60 50 55 50 50 46 46 36 36 36 33 30 
1 . 66 66 t6 66 66 77 45 72 70 81 60 70 so 5? 54 58 60 5? 64 54 58 58 50 54 50 50 46 46 38 38 38 35 33 
il : S5 85 85 85 85 77 55 70 87 63 77 87 77 66 66 70 75 66 50 66 70 70 62 66 62 62 53 53 ~5 45 45 41 35 
8 : 62 62 62 62 62 45 55 54 66 50 45 50 60 66 36 54 40 50 50 36 70 70 30 36 30 44 53 53 33 ~5 45 ?l 3E 
3 : 60 6o 60 60 60 72 10 54 8o 75 58 63 5e 63 5o 66 54 63 71 50 66 66 45 5o 45 45 53 53 35 ~6 46 ~2 ~o 
7 : 75 ~~ 75 75 75 7o 87 66 80 72 70 77 10 i7 60 ao 66 77 57 60 8o 80 55 60 55 s5 61 61 41 54 54 so 46 
2 : 54 5~ 5~ 54 54 81 63 50 75 72 66 58 66 58 46 75 50 72 78 58 61 61 54 46 41 41 50 50 42 42 42 ~0 37 
16 : 66 66 66 66 66 80 77 45 58 70 66 70 80 5~ 5~ 53 60 5( 53 54 72 72 50 70 6E 50 57 57 38 50 50 35 4i 
18 : 75 75 i5 75 75 70 87 50 63 77 58 70 70 i7 60 80 87 60 57 77 63 63 55 77 55 55 61 61 5~ 41 54 50 (6 
15 : 66 66 66 66 66 80 77 60 58 70 66 80 70 54 5~ 58 60 54 6( 54 72 72 50 54 50 66 57 57 50 50 50 46 42 
1! : 55 55 55 55 75 54 66 66 63 77 58 54 77 54 . 45 80 66 60 57 60 63 63. 40 60 40 40 61 61 41 41 54 50 46 
28 : 55 SS 55 55 55 54 66 36 50 60 46 54 60 54 !5 50 66 6C 37 45 50 50 55 45 55 55 50 5G 54 41 '1 5( !5 
6 : 5o 60 60 60 6o 58 7o 54 66 8o 75 58 80 ss eo 5o 70 eo 71 80 66 66 60 63 45 45 &4 64 58 46 58 53 .5o 
ii : 61 62 62 62 52 60 75 H 54 66 50 60 87 60 6: 66 70 E6 50 66 54 54 62 66 62 62 53 53 60 45 60 54 50 
5 : 55 55 55 55 55 54 66 50 63 77 72 54 60 54 SC 60 80 66 57 60 63 63 75 45 55 55 50 50 54 5l 54 50 4C 
4 : 42 42 42 42 42 64 50 50 71 57 78 53 57 51 )i 37 ii 50 57 57 60 60 42 46 33 42 58 58 53 0 5~ 50 !i 
2! : ·55 55 55 55 55 54 66 36 50 60 58 54 77 54 !D 45 80 65 60 57 50 50 75 77 55 55 50 50 70 Ci 54 50 C£ 
lC : 60 60 60 50 60 58 70 70 66 80 61 72 63 72 63 50 Ef. 54 63 50 50 100 45 63 60 60 i6 76 46 72 72 53 .6: 
9 : 60 60 60 56 60 58 70 70 66 80 61 72 63 72 EJ 50 66 54 63 60 50 100 45 63 50 60 76 76 46 72 72 53 El 
,~ : :.o 5G 50 so 50 50 62 30 45 55 54 50 55 50 ~c 55 fO e2 75 41 75 45 45 55 11 11 35 35 66 50 5o 45 n 
22 : 55 55 55 s: 55 54 66 36 50 60 46 70 11 54 :0 45 53 66 45 46 77 63 63 55 75 55 61 61 54 54 ;o sc ss 
:c : ~o 5o 50 :c, 5o so 62 10 45 55 41 66 55 50 ~:: 55 ~~ 52 55 33 55 60 60 71 75 7i H H so 66 66 cs 54 
2f : 50 50 50 50 50 50 62 44 45 55 41 50 55 6~ ~D 55 45 S2 55 0 55 60 60 71 55 71 46 46 66 66 66 60 
:~ : 45 4E 46 ~5 46 46 53 53 53 61 50 57 61 57 5l 50 54 53 50 5c 50 76 76 35 61 46 46 100 Si 69 E9 76 
33 : ~6 46 46 46 46 ~6 53 53 53 61 50 57 61 57 5: 50 64 53 50 58 50 76 76 35 61 46 46 iOO 57 69 69 76 
36 36 3E 36 36 38 45 33 35 4i 42 38 54 50 ~: 54 56 60 54 53 70 46 46 66 54 50 66 57 57 50 63 72 
3E 36 35 3c 36 38 45 45 46 54 42 50 41 so n 41 46 !5 54 o u 12 72 50 5~ 66 66 69 69 50 80 72 
3E 3~ ;& :6 36 38 45 45 46 54 0 50 54 50 54 41 58 60 5? 53 54 72 72 50 70 66 66 69 69 63 80 72 
33 JJ !3 ~3 33 35 41 n 12 5o 40 35 5o 46 5; so 53 54 so 5G 5o 53 53 45 50 45 60 76 76 12 72 12 
30 30 30 30 30 33 36 38 40 46 37 42 46 42 ;~ 46 5~ 50 H 41 46 61 61 41 58 54 54 7! 71 53 81 81 75 
~ ~ ("\) 
;:I 
$:)... 
~-
~ 
Appendix E 
Col de. Land ron datafile analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids glauconite quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 = 30-39 . = 20-29 
a405 19 X X X x + X + + x = + x + = = + + = - = + + = = = = - - : 
a406 20 X X X x + X + + x = + x + = = + + = - = + + = = = = - - : 
a38 7 11 X X X x + X + + x = + x + = = + + = - = + + = = = = - - : 
a388 12 X X X x + X + + x = + x + = = + + = - = + + = = = = - - : 
a402 17 X X X X + X + + X = + X t X : + + : - : t + : : : : - - : 
a368 1 + + + + + x - x x X X x X = = = + = + = = = = = = = - - : 
a400 14 X X X X X X = X X t X X X + + X X t = + X X + t + + : = - - - -
a38 2 8 t + t t + - = : t = - : + + : = - = = : X X : : : - = = : - - -
a372 3 + + + + + X X = X X = + = + = + = t X = t t - = - - = : : - - - -
a381 7 x x x x x x X + X x K x x x + X + x = + X X = + = = + + - = = = -
a369 2 = = = = = X + = X X t = + = - X = X X = + + = - - - = = - - - - : 
a401a 16 + t + + + X X - = X + K X = = = + = = = X X = X t = = = : = = : -
a403 18 X X X X X X X = t X = X X X + X X t = X + + = X = = + t. = - = = -
a401a 15 t + + + + X X + = X + X X = = = + = + = X X = = = + : = = = = - -
a389 13 = = = = X = + t + X : = X = - X + + = t t t - t - - t t - - = = -
a416 28 = = = = = = + : = + - = + = - = + + : - = = = - = = = = = - - = -
a3 7 6 6 + + + + + = x = + X x = X = X = x X x X + + + t - - + + = - = = = 
a415 27 + t + + t + K - = + = + X + + t X + = + = = + + + + = : + - + = = 
a375 5 = = = : = = + = + K X = + = + t X + = + + + X - = = : = = = : : -
a373 4 - - - - - + : : K : K : : + : : X : = : + + - - : - : : : - : : -
a407 21 : : : : : : + : : + = = X : + - X + + : : : X K = : = : K - : : -
a386 10 + t + t + = X K t X + K + K + : t : t + : X - t t + X X - X X : + 
a383 9 + + t + t : X X + X t X + X + = + = + t : X - + + + X X - X X : + 
a413 25 : : : : : : + : - : : : : : - : + + X - K - - : X K : : + : : - -
a408 22 : : : : : : t : : + - X K : t - + t - - K + + : X : + + : : X : : 
a419 30 : : : = : : t : - = - + : : - : - t : : : t t X K X - - : t t - : 
a414 26 : : : : : : t - - : - : : + - : - + : - : + t X : X - - + t t t : 
a424 34 - - - - - - : = : t = : t : t : + = = : : K X : t - - X = + + X X 
a423 33 - - - - - - : : : t = : t : + : + : : = = X X : + - - X = + + X X 
a 411 2 4 : - : : - - : : : - : : + : = X - - + : = + : : = + X = 
a421 32 : - - - = - = - = - - - - = - - x x = = + + + + = X x. X 
a418 29 : - - - = - = = = = - = + = = = x x = x + + + + + X x X 
a410 23 : - - - = - : : - : = = : : : : : : - : - t X X. X. X. X X. 
a420 31 : : : - - : - - - - - = = - - - + + - = = = x x = X X x 
586 
U'1 
00 
-...! 
s696 
sll 
s699 
st60 
s695 
s6i7 
s676 
s18 
s11 
s1l 
s16 
sm 
s6!ta 
sm 
sli 
s1 ~ 
siv5 
s68! 
siC6 
s6iS 
sii8 
sE~7 
s571 
sSO~a 
sS50 
si21a 
s!U 
sma 
sll 
s~!\a 
s6cO 
sm 
slla 
s1! 
siOv 
sS ~ ~ 
s681 
slO 
siue 
s£(.5 
sm 
si ~ 
si It 
s1! 
s!Sl 
sl!l 
s671 
s6ila 
sll 
s818 
Combe de Della Cha datafile analysed using JaccMat 
q alqae rudists bivalves brachiopods peloids ooids qlauconite quarts 
o lorans ; forns 1icrite brrazoans corals echinoderms sponqe spies ostracods 
gastropods . 
Numeric presentation of optimised matrix of samples 
36 5 39 IE 35 25 21 9 13 It 1 26 ]( 18 8 ( . 41 32 t2 27 38 43 19 20 18 45 30 21 l 17 28 50 I II 10 19 29 II II 33 31 10 2 12 J1 17 21 23 6 16 
36: 
5: 
3'. 
1!: 
ll : 
il: 
1!: 
9: 
13: 
!(: 
1: 
16: 
34: 
IE: 
8 : 
! : 
(1; 
31: 
!2: 
17: 
38: 
li: 
19: 
10 : 
te : 
!5: 
30 : 
11: 
l: 
!1: 
18 : 
5l·: 
I 
15: 
(Q : 
!9: 
29: 
P· 
!1: 
i3: 
3 •. '. 
iO : 
1: 
11: 
37: 
17: 
1i: 
23: 
6: 
16: 
62 87 66 75 71 71 71 75 75 60 70 70 63 63 63 
62 55 55 (( 50 10 10 61 (( 10 II II U U H 
87 51 77 66 88 88 88 87 87 70 80 80 71 72 71 
66 51 71 66 88 88 88 66 66 88 80 63 71 71 71 
11 " E6 E6 77 11 11 11 11 6u 70 11 63 63 63 
11 50 88 88 77 100 100 71 11 80 90 71 81 81 81 
71 50 88 88 77 100 100 11 11 80 90 72 81 81 81 
77 50 88 88 11 100 100 77 11 60 90 '71 81 81 81 
il 62 87 66 II 71 77 77 75 60 70 70 63 63 63 
75 (( 87 66 II 77 77 77 75 60 70 70 63 63 63 
60 50 70 86 60 80 80 80 60 60 90 58 66 81 81 
70 II 80 80 70 90 90 90 70 10 !0 66 71 90 90 
70 !I 80 63 It 72 72 72 70 70 IE 66 61 61 61 
63 !1 72 72 63 81 81 81 63 63 6! 71 61 83 83 
63 !1 71 7i 6J 81 81 81 63 6j 61 90 6! 83 83 
63 t! 72 71 63 81 81 81 63 63 8i 90 6! 83 83 
63 (! 72 i1 63 81 81 81 6J 63 6t 75 6i 83 69 83 
63 63 
u (! 
12 72 
72 71 
63 63 
81 81 
81 81 
81 8! 
63 63 
63 63 
66 66 
71 75 
61 11 
83 83 
69 69 
83 83 
83 
II II 58 It 10 53 II II 51 16 10 II 16 II 36 
36 H 38 33 51 3S 33 33 II 38 30 15 38 23 27 
II 66 66 63 58 61 63 63 63 53 SO 50 53 50 IS 
II 66 66 63 58 61 63 63 63 53 50 50 53 50 II 
33 II 18 II 50 53 5! 51 II 16 51 U 16 ll 36 
50 77 71 71 66 69 72 72 72 61 60 58 61 56 51 
50 77 71 72 66 69 72 72 72 61 60 58 61 56 5! 
50 11 11 72 66 69 72 72 12 61 60 58 61 56 5! 
41 71 58 II 63 53 II 5I 10 16 55 5I 58 11 50 
60 75 58 70 50 53 70 70 II 58 II 54 16 5! 50 
50 60 75 58 66 69 58 58 12 tl 60 !6 61 !6 li 
58 10 83 66 75 76 66 66 81 69 70 53 69 53 50 
16 II 57 53 50 61 66 66 66 16 II 53 69 53 50 
53 63 91 90 69 8( 61 61 61 61 50 50 61 !i 58 
53 63 91 71 83 81 6i 6! 71 76 53 50 61 10 16 
66 63 91 75 69 81 61 61 75 61 63 50 16 61 58 
53 63 76 71 57 11 61 61 61 6( 50 50 6( 
63 !! 72 71 fl 81 8i 8! 63 !l H 75 75 83 69 83 83 53 63 76 11 57 11 75 11 11 53 50 61 76 
6! 18 
71 71 
!6 II 
5! !6 
\i 53 
!6 63 
(0 '16 
li 50 
8i 63 
Ei 63 
il 63 
(5 11 
li 50 
H !3 
57 66 
12 30 36 
ll 20 27 
50 !0 !I 
50 (0 (5 
(2 (I 36 
57 50 51 
57 50 II 
17 50 It 
53 (I 50 
12 II 50 
57 ~0 li 
6! 60 5G 
53 33 50 
71.11 16 
11 5! 16 
71 5! 16 
71 l1 It 
60 !l 58 
46 36 JO 
53 61 H 
78 50 (1 
64 li 50 
11 5! 16 
81 46 !0 
!3 !5 80 
13 45 80 
64 60 63 
66 50 12 
53 85 50 
13 II 80 
78 50 53 
13 (5 80 
50 (0 60 
ts l6 11 n JJ so so so 11 60 ~o se 16 sJ il 56 11 53 
51 H 66 65 55 ii 11 11 il 15 (0 70 II 63 63 63 63 £3 !I 
II 61 58 IJ 57 16 16 16 61 15 16 50 
56 70 63 53 10 70 70 58 71 70 58 
58 38 66 H IS 71 75 75 18 18 ii 63 51 91 91 91 
I! Jl 63 63 I! 71 71 11 5! 1fr IS 66 53 90 75 75 
50 i( 58 58 50 6! 66 66 63 50 ct 75 10 69 83 69 
5l 35 61 61 53 51 69 61 53 53 69 76 6! 8! 8! 6! 
it 33 EJ 63 It 71 71 72 51 70 IS 66 66 61 61 61 
I! i3 !3 63 I! 71 72 12 5! 70 IE 66 66 61 61 61 
5! !5 63 63 II 71 71 71 70 I! i1 8i 65 61 71 71 
H ie 53 53 t6 61 61 61 1t 56 5; 69 t6 6! 76 6! 
!0 30 10 10 II 60 60 60 51 55 6~ 70 U 50 63 63 
!1 !5 10 50 !! 58 58 58 I! i! It 53 53 50 50 IC 
16 35 53 53 16 61 61 61 iS 16 61 69 69 61 61 76 
li 13 50 50 11 58 56 56 I! I! H 53 53 6i 50 6i 
36 27 ( 5 I 5 36 5! It I! 10 10 11 50 50 58 16 58 
u 31 so so u 17 11 57 53 11 57 61 53 71 11 71 
30 20 !0 !C !! 50 50 50 !! !! 50 60 33 !1 It II 
36 1i !I II 36 I! 51 51 IG 50 !i 50 50 !6 16 16 
12 16 50 50 12 57 57 51 !l 53 57 6! 6! 60 60 7i 
to 33 !6 16 to 53 53 53 so to 53 to 60 66 66 66 
1e 30 !6 !6 36 53 11 sl so sc 11 so 50 69 17 57 
iS 3u t6 IE 3a 53 53 53 5o 10 il 61 50 57 69 51 
38 30 !6 !6 38 53 53 53 1; so 53 !1 50 11 69 51 
38 30 !6 16 38 53 ll 53 IG IG 5i 61 10 17 69 17 
17 18 36 36 lO !I II II !0 !0 JJ !l !i 10 38 50 
35 18 11 !1 35 50 50 10 !6 (6 10 57 !6 6( 6( 61 
28 21 31 35 38 !1 !1 12 38 38 !1 10 (0 16 !6 57 
13 11 ;o 30 33 38 38 1e n ;; iE !6 il n 11 12 
11 18 l1 31 25 37 37 37 jj Jj Ji (] (] 10 50 10 
11 1e 3i 3i 33 37 37 37 iJ 33 :7 o o so 5o so 
25 18 l1 31 ll 37 37 31 33 ll 37 13 (J 50 50 50 
10 13 26 26 28 33 33 33 28 28 33 (0 10 37 31 16 
76 76 61 58 
J) 75 58 70 
57 57 53 63 
71 il 57 53 
61 75 16 70 
61 75 (t 70 
61 75 (6 10 
61 53 61 56 
~ H II 71 
50 61 !6 70 
6( 76 ~ ~ 
6i 71 16 5( 
58 12 II 66 
11 60 (5 53 
11 II 36 61 
16 58 30 66 
11 71 57 53 
65 66 (3 50 
69 61 !1 63 
57 57 !1 63 
57 17 C1 63 
17 17 12 63 
50 63 ll II 
6( 6( 50 58 
17 !6 !1 10 
!1 12 28 15 
10 10 37 42 
50 50 37' (2 
~ H 37 12 
(6 (6 33 38 
83 76 91 57 57 69 11 58 (6 7i 
83 61 76 66 66 53 69 51 53 57 
16 61 11 50 50 71 76 63 61 6! 
92 76 11 53 53 6( 66 53 (] 18 
11 66 50 53 100 66 51 \( 81 17 
11 66 50 53 100 66 57 II 8i 57 
69 53 11 61 66 66 57 70 66 83 
71 69 76 66 51 57 57 58 51 50 
58 II 63 53 II 51 10 58 51 58 
(6 53 61 () 81 81 66 51 \( 51 
11 57 61 78 57 57 83 50 58 57 
57 66 (0 53 81 81 53 16 (! 66 57 
53 63 (6 50 63 63 63 (1 50 63 66 
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Combe de Bella Cha datafile analysed using JaccMat 
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quarts o forams m forams micrite microbial mu bryazoans corals echinoderms 
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Combe de Ia Grand Forclaz datafile analysed by JaccMat 
r algae g algae rudists bivalves brachiopods peloids oo1ds glauconite 
quarts o forams m forams micrite microbial mu bryazoans corals echinoderms 
ostracods aastrooods 
Symbolic representation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 = 30-39 . = 20-29 
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: t X t X + + = = + + + = : = : X t - - - : - : - - t - : : : - -
. = + - X X X X X X t X + + t t t = + = - t = t = - = = + : : - -
. + + - t X X + + X = = t + t + X + + = = - + + + = + = - = = - -
. + = : + X X X X X = t X + t X t + X t - = X + + = + + = = = : : 
. = = : = X t X X t = t X = t t t = t t : = t t = - = + = - : : : 
: + = = = X + X X + X X X X X X X t + X - X t X = = = + = = = = = 
. = = - + X X X + + = + X X X X X + + + = = X X X = + + = = = - -
- = + X t t = = = X = X + X X X X + = + + X = + - + = = = = = X X 
: - = + + X : t t X + X X X X X X t = X = X = X = + - + t = = + t 
. - = - = + + X X X X + X + X X X = = X - + + X + - = X t = + - -
: - : = = t + + = X X X X + X X + = + X t X t + + X - = t + - = = 
: = = = = + t + + X X X X X X X X X = X = X t X t = = X + + + = = 
: = - = = + + X + X X X X X X X X + t X + X X X + + = t = X = = = 
: = = : X + X + + x· X X X X + X X X = X = + t X + = X X t t X = = 
. t : - t = t t = t t t t : : X t X : X - = - : - - X t : t t t + 
: - : - + t X t + t : : : t : t : : - : + t ~ X X - = + = = - -
- - - - : = + t X + + X X X X X X X - - + : X : - + X + + + + + 
- : : - - : - : - : + : - + : t : - : - t : : = X - - - + - : : 
: - = : t - = = X : X X + X X X + : t t + t X = t = t X = = X X 
: : - : t X + + X : = + + + X + - + = = + X X = = X + + + - -
- : - = + t + t X X + X X + X X X = t X = X X X : X X X + X = = 
: : : - : t + = = X - : + + t t t - X : : = X X + : t = = = - -
: - - - - = : - = : t t - X : t = - X - X t : = + - - : t : t + 
: + = + +:: t :-:-==X X-+-:= X=- Z ++X+·+ 
- = = + + + t = + X = X + X + = X - + X X + - X X + X t + 
: = + - = : = = : + + + + = + = + + - X + X : = + X = X X X 
: : : : : - : = : : : t t X + t = t + = t + = t t + : X X X 
: = : : : = = = = = + - + : X + : + - : t X = = X X X X X X 
:-----:: =-x+-====+-+=x-=-+++xxx X 
:-----:: =-X+-====+-+=X-=-+++XXXX 
592 
U'1 
1.0 
w 
s35 
a1052 
sH 
s36 
s163 
a1050 
s164 
s1 61 
s162 
s38 
sl6 5 
a1 016 
a1055 
ai0l9 
a1049 
si78 
s 723b 
s17 3 
al0!5 
s170 
s719 
s7 20 
s37 
s 16 7 
s171 
s16e 
s 172 
s !1S 
s7 i8b 
s1H 
sl80 
s1 15 
si 11 
s: ie 
si 16 
s16~ 
sl66 
Combe de Paccaly datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids glauconite 
quarts o forams m forams micrite microbial mu bryazoans corals echinoderms 
sponge spies ostracods gastropods 
Numeric presentation of optimised matrix of samples 
2: 
36 : 
' . 
'. 
3 : 
8 : 
35 : 
9; 
6 : 
7: 
5 : 
10 : 
33 : 
31 : 
31 : 
34: 
23 : 
30 : 
18 : 
32 : 
15 : 
26 : 
29 : 
4: 
2 36 1 3 8 35 9 6 7 5 10 33 37 31 31 23 30 18 32 15 28 29 4 12 16 13 17 H 27 19 25 20 22 26 21 H 11 
66 
68 69 
66 68 75 68 66 62 
69 64 57 53 61 
78 84 69 76 
78 64 84 
59 16 
75 
75 64 78 
68 51 81 18 
66 53 69 64 61 
62 61 i6 81 76 i5 
58 51 11 18 e1 5; 76 
58 60 11 56 58 50 52 37 37 55 55 17 (3 50 50 
57 72 66 53 H 57 50 5( 54 13 13 42 50 16 16 
71 61 57 69 71 71 64 58 58 66 56 57 53 60 60 
78 65 53 76 66 66 71 53 53 62 73 61 61 66 66 
81 61 16 83 81 60 76 58 58 78 66 69 66 71 71 
57 12 12 66 69 51 61 5( u 61 53 66 50 57 57 
76 66 61 90 64 61 69 63 50 60 60 75 58 76 61 
60 72 61 69 61 12 66 61 
41 6 6 57 53 46 !2 61 51 
56 53 69 16 8~ 66 90 83 
61 51 83 71 60 76 58 58 66 66 69 66 71 71 
46 58 61 61 66 60 60 57 57 58 70 50 61 
53 37 (6 40 54 5( 35 35 12 50 46 37 
69 57 75 70 54 61 64 81 63 83 69 
71 91 58 58 9 2 7 s 8 3 6 6 71 8 4 
76 58 58 18 78 69 53 71 81 
63 63 81 84 90 72 76 91 
75 53 53 70 66 58 58 
53 53 54 87 16 58 
85 76 61 78 92 
76 61 78 92 
63 83 83 
53 H 
84 
l6 
58 53 
58 46 71 66 8! 69 64 1i 61 3i 69 
50 51 1i 66 60 57 04 60 61 !6 51 71 
52 50 64 1! 76 61 69 16 66 10 15 91 16 
3i 51 58 53 56 54 63 58 60 54 10 58 58 63 
37 54 58 53 58 41 50 58 60 54 54 58 58 63 75 
55 0 66 62 18 64 60 66 57 35 61 92 78 81 53 53 
55 0 56 13 66 53 60 66 57 35 64 18 18 81 53 53 85 
41 42 57 64 69 66 75 69 58 12 81 83 69 90 70 54 16 76 
0 50 53 61 66 50 58 66 70 50 63 66 53 72 66 87 61 61 
50 46 60 66 11 51 16 71 50 46 83 71 71 76 58 16 78 78 
50 46 60 66 71 5i 6! 71 6! 37 69 84 8( 91 58 58 92 92 
11 46 50 57 61 58 66 61 63 46 72 75 61 81 77 60 69 69 
63 
83 53 
83 66 
90 70 
84 
15 75 
!1 11 H !7 36 35 38 29 33 33 33 33 33 27 27 
16 ·16 50 33 !0 38 33 11 35 35 35 35 35 28 28 
50 50 53 16 53 !2 16 35 40 !0 40 !0 !0 33 33 
57 51 60 53 !1 50 53 33 16 !6 46 !6 16 40 10 
61 61 6! 57 53 53 51 35 50 50 50 50 50 12 42 
58 58 50 53 10 50 53 (1 46 !6 46 46 46 38 38 
66 66 57 61 37 58 61 38 53 53 53 53 53 46 46 
61 '61 6! 57 53 53 57 35 50 50 50 50 50 12 42 
63 63 66 16 !2 5! !6 15 50 50 50 50 50 li !i 
16 H 10 42 50 50 !2 11 H 46 16 46 !6 38 38 
72 72 61 66 40 63 66 11 58 58 58 5E 58 50 50 
75 61 76 51 6! E6 69 !6 61 61 61 61 61 53 53 
61 61 76 57 6! 53 69 58 61 61 61 61 61 53 53 
81 66 83 61 57 72 75 50 66 66 66 6€ 66 58 58 
77 77 63 51 50 66 5! 55 60 60 60 60 60 50 50 
60 60 63 5! 63 66 5! 55 60 60 60 EO 60 5G 50 
69 69 e1 61 11 6i 76 53 69 69 E9 59 69 61 61 
69 69 8! 6! 60 61 76 53 69 69 69 69 6S 61 61 
go 72 75 66 50 eo 81 51 12 72 12 12 72 63 63 
70 70 72 63 58 71 63 50 70 70 70 70 70 6C 60 
75 75 76 69 53 66 83 58 75 75 75 75 75 66 66 
75 75 91 69 64 66 83 58 75 75 75 75 75 65 66 
80 51 58 53 68 72 60 80 80 80 EO 80 70 10 
lZ : li H 50 57 61 iS 66 61 63 16 72 61 61 66 77 60 69 69 72 70 75 75 80 
75 72 76 91 81 
66 6 3 69 69 58 
50 58 53 6! 53 
80 77 66 66 88 
81 63 83 83 72 
54 50 58 58 60 
7 2 7D 7 5 7 5 80 
72 10 75 75 80 
72 10 75 75 80 
12 70 75 ;5 80 
72 7 0 7 5 7 5 80 
63 60 66 66 70 
63 60 66 66 70 
a1 72 53 70 72 60 80 80 80 eo so 10 10 
16 : H 50 53 60 6! SO 57 64 66 10 61 16 76 83 63 63 84 84 
13: 
!1· 
21 . 
21 : 
li 33 46 5i 57 53 61 Si 46 l2 66 57 57 61 5l 54 6! 64 
36 40 53 41 52 !0 31 53 42 50 40 64 64 57 50 63 71 60 
35 38 42 5G 53 50 58 53 54 50 63 66 53 72 66 66 61 61 
38 33 46 53 57 53 (! 57 (6 0 66 69 69 75 54 54 76 76 
il : 29 41 35 33 35 !l iS 35 45 II 4i !6 58 50 55 55 53 53 
25 : 33 35 40 H 5G !6 53 50 50 46 58 61 61 66 60 60 69 69 
33 35 40 ~: sc, a ~: 5o 5o 46 58 61 61 66 60 60 69 69 20 : 
22 : 
2' . '. 
2i : 
H: 
11: 
33 35 40 H SO !6 53 50 50 46 58 61 61 66 60 60 69 69 
33 35 !C 46 SC 4£ 53 50 50 16 5E 51 61 66 60 60 69 69 
33 35 10 46 50 46 53 50 50 16 58 61 61 66 60 60 69 6~ 
21 28 33 H 0 l2 46 12 41 38 :o 53 53 58 50 50 61 61 
21 28 33 10 12 3e !6 12 u 38 50 53 53 58 5o 5o 61 61 
81 51 69 72 75 63 81 81 81 81 81 12 12 
72 6i 
53 69 50 
70 12 63 
72 75 81 
60 E3 51 
80 81 12 
80 8i 72 
80 8! i2 
80 81 72 
80 81 72 
Jv 72 63 
70 72 63 
50 63 81 54 72 72 12 i2 72 63 63 
58 61 63 66 66 66 6i 66 ~t. 58 
58 80 66 88 88 88 88 . 88 17 77 
61 80 70 90 90 90 ~ii ~0 80 80 
63 66 10 77 77 71 77 77 66 66 
H 88 90 17 100 100 lOG 100 86 86 
66 88 90 17 100 100 100 100 88 88 
66 88 90 71 100 100 iGO iOO 8S 88 
66 88 90 77 100 100 100 100 88 88 
66 88 90 77 100 100 100 !~D 88 88 
58 77 80 66 88 88 88 ss 88 100 
58 71 80 66 88 8e 88 es 88 100 
~ 
";5 
(';) 
~ 
~ 
t't1 
s35 
al052 
s34 
s36 
s163 
alOSO 
s164 
sl61 
s162 
s38 
sl65 
a1046 
a1055 
a1039 
a1049 
s178 
s723b 
s173 
a1045 
s170 
s119 
s720 
s37 
s167 
s111 
s168 
s172 
s179 
s718b 
s174 
s180 
s175 
s177 
sl78 
s176 
s169 
s166 
Appendix E 
Combe de Paccaly datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids glauconite 
quarts o forams m forams micrite microbial mu bryazoans · corals echinoderms 
sponge spies ostracods gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 : = 30-39 . = 20-29 
2 
36 
1 
3 
8 
35 
9 
6 
7 
10 
33 
37 
31 
34 
23 
30 
18 
32 
15 
28 
29 
4 
12 
16 
13 
17 
24 
27 
19 
25 
20 
22 
26 
21 
14 
11 
++X+++=+-====::==--==----:::.::::: 
+ ++==+=x+=-====---=----=:-::-::::: .. 
+ t X X + X X + : + X X + = = + : : = + t = = = - = - - : - - - - - : : 
X + X X + X X + = X + t X : : + X t t + t : : t : - : : : - - - - - - -
+ = X X + X X t - X X + X = = X + + + X X + + + : = = = : = : = : = - -
t : t t + X : ! - t t : + : - + : t : : : : : : : - : : - - - - - - : : 
+ + X X X X X + + X t + t + : t + X : X + + + : + : : t : : : : : = - -
: = X X X = X + = X X + X = = + + + + X X + + + : = = = : : : = = = - -
t X + t + X t t - : t t t t + : : : X : t t t t - - = - - : : = = : - -
- + = = - - + = - = : - - = : : : - = - : - - - - : : - - - - - - - : : 
= = + X X t X X = = + : X X = t + X t X + X X + + - t + - = = : = = = = 
= - X t X + + X + : + X X : : X X X t X X X t X : + + + - ~ + + + t = = 
: : X t t = t t t - = X X = : X X t = X X t t X : t : t = t t + t + : = 
= = t X X + t X + - X X X + + X X X X X X X + X + = X X = + t t t + : = 
: : : = : = + : + : X : : + X : : X t : = X X + = : t = : + + t t t = : 
: : = = = - = = + = = = : + X = = = X - = + t + = + + = = + + + t t = = 
: - t + X + + + = : + X I X = = X X + X X + t X + X + X = t t ~ + t + ~ 
: - = X + = + + = : + X X X : = X X + X X + + X + + t X = + t + t t + t 
- - = + + + X + = - X X + X X = X X + X X X X X t = X X = X X X X X + + 
- : : t t : : t X : + t : X + X + + + : + X X X + = X + : X X X X X + + 
= - + + X = X X : - X X X X = - X X X : X X X X t = t X = X X X X X t + 
= - + + X = t X + : + X X X = = X X X + X X X X + + + X = X X X X X + + 
- - = = + = + + + - X X + X X t t + X X X X X X = = X X + X X X X X X X 
-- = = + = + + +- x + + + x + + + x x x x X X x =xI+ X X X X X·x x 
- = = + + = = + + - + X X X + + X X X X X X X X + + X X + X X X X X X X 
- : - : : : + : - - + : : + : : + + + + + + : X + : t X : X X X X X + + 
- : - : - : : - : - + + : : + X t : : : + : : t : 
: - = = : = : : : + + : X + + + + X X t t X X X + : 
= + + + + + + t = = 
X t X X X X X x x 
x X X X X X X X : - = = = + = - - + + + X = = X X X + X X X X X X + X 
-:::-: :----::::::::::tt+=++X XXXIX++ 
: - - = - = = = - : + + t + + t + X X X X X X X X + X X X X X X X X X 
: - - : - = = : - = t + + + + + + X X X X X X X X + X X X X X X X X X 
- - = - = : = - : + + + + t + t X X X X X X X X + X X X X X X X X X 
: - - = - = = = - : t t t t + + t X X X X X X X X + X X X X X X X X X 
: - - = - = = = - : + t + t + t t x x x x X X X X t X X X X X X X X X 
. : - - : - - - : = : = = = = + + t t + + X X X + = X X + X X X X X X 
. : - - : - - - : = = = = = = + + + + t + x X X + = X X t X X X X X X 
--------------------------------------------------------------------------
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Appendix E 
Combe north of Pointe Percee datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooias quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Numeric presentation-of optimised matrix of samples 
1 23 6 1 i 22 11 5 12 9 10 25 26 1 16 13· 24 14 20 15 19 18 21 
--------------------------------------------------------------------------------------------------------
s549 8 : 62 50 40 71 30 40 44 33 38 36 41 H 41 30 30 36 38 50 30 41 45 38 23 40 2i 
s548 7 : 62 66 70 t6 53 54 60 58 61 63 66 66 66 53 42 50 61 50 42 53 46 50 35 41 30 
s563b 23 : 50 66 60 55 58 45 66 50 42 54 46 46 46 58 46 54 42 41 46 46 50 42 38 33 33 
s547 6 : 40 70 60 45 61 "" 70 81 69 72 61 61 61 50 40 58 57 46 50 50 42 46 42 38 38 
s558 17 : 71 66 55 45 35 45 50 38 42 H 46 46 46 35 46 H 42 54 35 46 50 53 38 45 33 
s553a 22 : 30 53 58 61 35 50 53 64 56 46 50 50 50 71 60 57 56 46 60 n 43 3S o 31 31 
s552 11 : 40 54 45 63 ~s 50 54 66 69 12 75 75 75 50 50 72 69 58 75 50 53 H 53 50 50 
s542b 2 : H 60 66 70 5D 53 5~ 72 50 63 53 53 53 53 42 80 61 63 53 66 58· 61 58 5{ 54 
s5H 4 : 33 58 50 81 38 6; E6 72 71 75 64 64 64 64 53 75 71 50 64 6~ 57 60 57 53 53 
s50 3 : 38 61 {2 69 42 ~~ 6~ 50 71 76 92 92 92 56 38 64 85 64 66 66 60 62 60 51 H 
s546 5 : 36 63 54 72 C 46 72 63 75 76 83 83 83 69 46 66 76 53 69 69 61 64 51 56 58 
s553 12 : 41 65 46 61 45 SG 75 53 64 92 83 100 100 60 41 69 92 o~ 7i 7i 54 E6 H 61 5G 
s550 9 : 41 66 46 61 ~6 50 75 53 64 92 83 100 100 60 41 69 92 69 71 71 64 56 64 51 50 
s551 10 : 4l 56 46 6l 45 SD r:: 53 64 92 83 100 1GO 60 n 69 S2 59 71 71 64 66 H 61 5C 
s565 25 : 30 53 58 50 35 71 50 53 64 56 69 60 60 60 71 57 66 46 i1 60 6~ 56 53 50 50 
s565a 26 : 30 42 46 40 ~: 60 ::~ 42 53 38 ~6 41 41 41 71 ~6 4i 37 60 50 53 56 0 4~ 50 
s542a 1 : 36 50 54 58 ~l ll 72 BO 75 64 66 69 63 69 57 16 76 66 69 69 61 51 75 se 58 
s55i 16 : 38 61 12 Si 42 56 E~ 6l 71 85 i6 92 92 92 65 47 76 7E 78 78 71 73 71 iS ;; 
s554 13 : 50 50 H 46 5~ 4~ 58 63 50 64 53 69 ~9 69 46 37 66 76 69 6~ 75 54 51 7L 58 
s564 24: 30 42 46 50 " ., '" 53 64 66 65 71 7! 7l 71 60 65 78 iS 60 76 55 64 61 51 
s556a H : 41 53 46 50 46 ~~ 50 66 H 66 69 71 il 71 60 50 69 78 6~ EO 76 92 64 iS 75 
s561 20 : 45 46 50 42 "" 4; 53 58 57 60 61 64 64 6~ 54 53 51 i1 75 76 76 71 57 e1 56 
s556b 15 : 38 50 0 46 53 38 46 61 60 62 6~ 66 66 66 56 56 54 73 64 56 92 71 71 59 59 
s560 !9 : 23 35 38 42 •• ~: 53 se 57 60 El 64 54 H 53 o 75 71 51 64 64 57 ct 5E 
s559 18 : 40 41 33 33 45 31 50 54 53 5i 58 61 61 61 50 40 58 69 72 61 75 8i 66 80 
s562 21 : 27 30 33 38 •• 3: :~ 54 53 46 58 50 50 50 50 50 58 57 58 61 75 66 65 8D 
sS 9 
sS 8 
s5 3il 
sS~i 
s553 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80·!0~ I = 70-75 • = 60-69 = = 50-59 - = 40-4~ : = 30-39 . = 20-29 
----------------------------------------------------
t-=-:::--:: :---::: :=:--:. 
+ ! ~ : : - = - - ~ ~ + = - = + : - = - = : -
= ~ t = : - ~ = . = - - - = - = - - - - = - : : : 
- r ' - - - x I 7 x ~ ~ + = - = = - = = - - - : : 
17 X ~ : - - - - - -- . ---::---. 
s563a 22 : = = + = = - = - = = = x + = = - + - - : - : : 
s552 ll - = - • - : : ' - 1 i. X X = = X + = X = : - = : = 
ssm 
s5H 
s50 
s546 
s553 
s55D 
s551 
s565 
s565a 
s542a 
55 5 i 
s55~ 
10 
25 
26 
1 
i6 
13 
- + + r = = = z = + = = = = - X + + = + = ~ = = = 
:==I:--Y. Ii:~+++=r.r=,.+=~=== 
: + - " - = · : z x X X X = : t X + + + + + + : -
: • = X - - 1 • z i. X X X + - + X = + t + + + = = 
- t - + - : r : - ! 1 X X t - t 1 + X X + + ~ + = 
- + - • - : Y. = - i X X X + - + X + ! X T + t t = 
. + - • - = i. : ~ !. i. X i. + - t X t Y. X + + • + = 
: = = = : r = = + = - + + + x = + - x + + = = = = 
:-----=·=:----7. --:+===--= 
: : : : - : I ~ X ~ + T t t : - ! + + + + + i. : : 
: + - = - = • • l ~ Y. ! E Z t - X T. ! X X I I i = 
::--:-:•:,:Ttt-:+1 ttY.t'-X= 
s554 24 : - - : : · ! = · - + X T. X X + + X t + T. = t + + 
s556a 14 - : - = - - = • • · + Y. I Z + = + X t + ! X t I I 
s561 20 --=-=-===•+++++=+XXi.l x=i.+ 
s556b 15 : = - - = : - - • · • + + + = = + x + = X r. I + + 
s560 ~ 9 . : : - : - : : = • + + + t = - X ! + + + = X + + 
s559 18 - - : : - : = = = = = + • + = - = ;- x + x X + + X 
s552 2l : : : : : = = = • = = = : = = = = = + X ~ + + X 
----------------------------------------------------
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Appendix E 
Combe de Ia Torchh-e datafile analysed using JaccMat 
r algae q alqae rudists bivalves brachiopods peloids ooids quarts 
o forams m forams micrite bryazoans corals echinoderms sponge spies ostracods 
gastropods 
Numeric presentation of optimised matrix of samples 
12 8 23 3 6 7 19 5 21 4 15 ·14 11 26 13 .· 18 22 10 17 16 25 24 20 
------------------------------------------~-------------~~----------------------------------------------
S756 12 : 60 76 71 53 66 71 53 62 53 46 50 50 46 46 47 46 53 43 33 46 46 46 46 40 30 
s636 9 : 60 76 50 53 56 60 76 62 43 69 50 60 57 46 56 46 53 53 42 57 57 46 46 50 30 
sm s : 76 76 64 ss 60 64 69 66 57 61 66 64 50 61 so 63 57 57 46 61 61 so so· 53 33 
s632b 23 : 71 50 64 53 66 50 53 13 76 57 61 71 57 69 66 46 64 64 42 57 57 57 57 50 30 
s630 3 : 53 53 58 53 61 66 58 57 72 63 70 53 50 50 50 66 58 46 45 50 50 63 63 54 30 
s633 6 : 66 56 60 66 61 66 60 58 71 64 69 66 64 53 62 53 60 60 50 64 64 64 64 57 28 
s628a 1 : 71 60 64 50 66 56 64 73 64 57 61 60 57 46 56 58 64 53 53 57 57 69 69 61 U 
s634 7 : 53 76 69 53 58 60 64 66 57 90 66 76 61 ·50 50 50 57 69 58 75 75 61 61 66 33 
s800 19 : 62 62 66 73 57 58 73 66 78 60 64 73 60 7l 80 50 78 66 57 60 60 71 il H 35 
s632b 5 : 53 43 57 76 7i 7l 6! 57 76 61 81 76 61 iS 71 63 69 69 58 61 61 75 75 66 33 
s803 21 : 46 69 61 57 63 64 57 90 60 61 72 83 66 53 53 54 51 75 63 81 81 66 65 72 36 
s631a 4 : 50 50 66 61 iO 59 61 56 H 81 72 75 72 72 57 77 66 56 70 72 72 12 7i. 80 H 
S765 15 : 50 60 64 71 53 66 60 76 73 76 83 75 59 69 66 58 64 91 66 83 63 69 65 iS 41 
S762B H : 45 57 50 57 5D 64 57 61 60 61 66 72 69 53 H 54 61 61 63 66 66 66 66 72 50 
s753 11 : 46 46 61 69 sa 53 46 so 11 75 53 12 69 53 76 70 75 75 50 66 66 66 H 12 36 
s798 25 : n 56 50 66 50 62 56 50 so 71 53 57 66 64 76 53 8~ 71 50 6~ 6~ 76 75 53 38 
S761 13 : 46 46 63 46 55 53 58 50 50 53 54 77 58 5~ iO 53 63 63 50 70 iO 70 ifi 1i 50 
sm 18 : 53 ::.: 57 64 SE SO H 57 78 69 61 56 H 61 75 84 63 69 58 75 15 9il 90 Bl 45 
s631b 22 : 43 53 57 64 45 50 53 59 56 59 75 66 91 51 75 71 63 69 53 90 90 75 i5 81 45 
s752 10 : 33 42 46 42 ~5 SG 53 53 5i 58 63 70 65 o; 50 50 50 55 58 63 63 63 E3 iu H 
s767a 17 : 46 57 61 57 50 H 57 75 50 E1 81 72 83 56 56 64 70 75 90 63 100 81 81 30 50 
s776a 16 : H 57 t:l 57 :Jii £4 57 75 60 61 81 72 83 66 65 64 70 iS 90 63 100 81 81 90 5C 
s767b 25 : 46 46 so 57 63 Ef 69 61 il 75 66 72 ss 66 56 76 70 so 75 o.1 81 81 !DO ~D so 
s756b H : ~£ 4£ so 57 53 54 E9 61 7! 75 66 72 E9 ~o 56 76 70 so 75 63 81 el 100 ~o 5~ 
s801 20 : 40 50 53 50 5~ 57 61 66 H 66 72 86 75 r L 72 69 i7 81 81 70 90 90 90 SO :" 
s628b 2 : 30 30 •• 30 30 2E 41 33 35 33 36 40 4l SD 36 33 5G ~5 45 H 50 50 50 5G 55 
Si56 
s636 
s635 
Symbolic presentation of optimised matrix of samples 
r.ey to codes X = 80-100 x = 70-79 t = 60-69 = = 50-59 - = 40-49 : = 30-39 . = 20-2g 
----------------------------------------------------
12 + x x = T r = ~ = - = = - - - - = - : - - - - - : 
+ i. = = = " r. ~ - ' = t = - : - = : - = : - - : : 
X Z + : + ~ ~ ~ : + + t : t : t : : - + ~ : : : : 
s632b L: L - T = - = = r z = + ! = + + - t t - = = = = = : 
s53J 
s633 
sma 
s63{ 
s800 
s632b 
s803 
sma 
S765 
S762B 
s753 
s79S 
Si6l 
sm 
s63lb 
s 7 52 
s767a 
s7i6a 
s76ib 
s76tb 
s801 
s£2Sb 
21 
15 
14 
~1 
26 
13 
22 
lG 
17 
15 
25 
2f 
20 
t ~ : : ! t 7. : : : : t : - - : : " ~ : : 
f : t f ~ - T : J. + ~ + ~ : + : t ~ : + + T ~ : . 
X + + : ~ - T X + : • + : - : = ~ = = = : + ~ ~ -
: I + : : ~ • " : l + I + : : : : + : X l • t ~ : 
+ t + X : : I + X + + Z + X X : X t : t + I I • : 
: - : T. X ! " : X + X X • X X t + t : + t X i. t : 
- + + : + " : X + + X X + = : : + X t Y. X + + X : 
= : t t r. " t + t X X X 7. ! : ! + + ! ! X Y. I X -
: + t F. : • • X X X X X t + t : + X t I X " • X -
- = = : = i = " • + t z + : + = t + + t + • + i. : 
- - + t : : - : 1. X : E + = 1. X X I : + + + + ! : 
-::;:,::Xf.==++x =Xx=++r.r.+: 
- - + - • : : : : • = X : : X : • + : X X ! ! X : 
: : = t : + - : r. + + t t + X X + + : X r. i. i. X -
- = = • - • = + + + X t X t 1. r. t + = X I. I ! X -
: - - - - : : : : : + r. + t = = = = = t + + + F. -
- : t : : + : x + t X r. X + t t x X X + !. X X X : 
- : t : = - : I + + z X X + + + X X i + X i X i : 
- - : : • • • + ! X t X + + + X X Y. X + X X I X : 
- - : : + + - t X X + X t + + X X X X + X X i. X : 
- : : : : : • • + + X i. X X X + X X X X X X I X : 
- - - - -
- - - - -
----------------------------------------------------
596 
U1 
y:) 
"--
a969 
a966 
a975 
a698 
s552 
s732 
a961 
s733 
s736 
am 
s/31 
a96~ 
a965 
sH5 
aS60 
a9H 
a96 2 
s737 
a98lb 
sm 
sHOb 
s740a 
a985 
a~~~a 
·C10 a J 1 • 
a98E 
sH2 
a958 
am 
a981 
a973 
am 
am 
a:m 
am 
agH 
a991 
s9999 
La Creuse datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids quarts 
o forams m forarns micrite microbial mu bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Numeric presentation of optimised matrix of samples 
37 19 24 2 1 4 15 5 7 13 3 17 18 12 14 23 16 6 28 8 10 9 30. 35 26 31 11 20 21 27 22 25 29 36 33 34 32 38 
3 7 : 100 20 50 50 50 44 42 42 40 44 57 40 44 36 37 50 33 3E 33 30 30 
30 30 19 : 100 20 50 50 50 44 42 42 40 44 57 40 44 36 37 50 33 36 33 
24 : 20 20 25 25 11 22 14 33 20 22 28 9 22 18 28 25 25 18 11 7 
50 50 
31 31 
50 50 
16 <6 
2 : 50 50 25 45 ~5 iO ~0 55 50 54 66 50 54 72 66 60 60 58 45 
1 : 50 50 25 45 60 54 ~0 40 63 70 66 38 70 46 36 60 33 58 33 
~ : 5o 5o 1: 45 60 54 55 55 8o 10 66 63 7o 46 36 60 45 5e eo 
15 : 44 ~~ 22 70 5~ 54 50 50 72 63 60 58 80 66 60 70 54 65 41 
5 . 42 42 i~ 40 40 55 5G 50 45 66 44 45 50 41 44 40 
i : 42 ~2 33 55 ~0 55 50 50 60 50 62 45 50 41 62 55 
i3 : ~0 ~0 20 50 63 so 72 45 60 72 70 66 90 61 54 80 
3 : 44 4~ 22 5~ 70 70 63 56 50 72 77 58 80 66 45 70 
J7 : 57 57 28 66 66 66 60 ~4 62 70 77 54 77 63 55 87 
18 : 40 40 9 50 38 63 58 45 45 66 58 54 58 75 41 63 
12 : ~4 4~ 22 54 iO 70 80 50 50 90 80 77 58 66 60 88 
~~ : 36 36 18 72 46 46 66 41 41 61 66 63 75 66 63 72 
23 : 37 37 23 66 36 36 60 44 62 54 45 55 41 60 63 66 
16 : 50 50 25 60 60 60 70 40 55 80 70 87 63 88 72 66 
6 : ~3 33 25 60 33 45 54 40 75 50 41 50 50 41 46 so 45 
~0 ~: 40 35 35 
75 41 55 35 35 
50 61 50 53 . 53 
41 66 41 46 ~6 
50 63 50 42 42 
50 50 63 76 i6 
41 66 41 46 46 
46 5i 46 71 71 
50 36 36 42 42 
45 58 45 50 50 
28 : 36 36 i8 58 58 58 66 41 41 61 66 63 50 66 57 38 58 58 
56 71 50 50 
58 50 50 
30 40 36 37 
30 40 36 37 
10 20 18 28 
30 50 46 so 
41 50 58 50 
54 50 58 50 
so 46 56 45 
66 45 41 44 
36 45 H 62 
58 53 75 54 
63 72 56 60 
45 70 63 75 
58 53 50 41 
63 58 81 60 
53 51 57 so 
45 4i 50 55 
54 63 72 66 
30 38 46 50 
~2 61 69 50 
& : ~3 3: ;: l5 33 6u 41 40 55 50 41 50 63 41 46 36 45 77 ~c 
10 : 3G 30 ; SO 31 50 46 35 35 53 46 42 76 46 71 42. 50 50 50 
61 61 41 38 ~6 50 
9 : 30 30 7 5e 31 so 46 35 35 53 46 42 76 46 11 42 5o so 
30 : 30 3C ;r 30 ~~ 54 50 66 36 58 63 45 58 63 53 45 54 30 
5C• :1 iOC 
2~0 57 53 60 42 
57 53 60 42 
58 66 60 
61 70 
63 
£' • t 
35 : 10 !~ ~: 5G 50 50 46 C5 IS 53 72 70 53 58 61 41 63 36 Ei 
26 : 36 3~ :S 45 58 58 56 41 41 75 66 63 50 81 57 50 72 46 6S 
31 : 37 3i 2S 5C 50 50 IS 41 i2 51 60 75 41 60 50 55 
11 : 33 33 1s ~s 45 ~5 41 55 55 50 10 66 50 54 58 5o 
66 5~ 5C 
60 60 :c. 
57 . 57 
53 53 58 
60 50 66 ~: 
c; ~2 60 10 oJ 
50 G 51 63 SE 66 
33 36 30 30 30 25 
33 36 30 30 30 25 
25 1a 22 22 22 ie 
45 46 41 li 41 jS 
45 46 41 4! 41 35 
45 ~6 Cl 41 .41 35 
41 53 38 50 38 42 
40 30 50 36 36 ~c 
55 ~1 50 50 50 ~: 
50 61 46 58 46 5~ 
54 53 63 50 50 ~2 
66 63 60 60 60 50 
38 50 46 46 35 40 
54 66 so 53 sv s: 
46 57 53 53 !2 ~E 
se so ~s 5o ~5 s~ 
60 72 54 70 54 56 
CS 4S 5C 5C 51 45 
58 69 
4 5 4 6 
~0 60 
... , " ~-jj J.. ~c ": 
5~ 54 5C 
57 57 H 
40 60 57 57 C5 
54 53 6j 53 50 
33 23 33 33 30 30 
33 23 33 33 30 30 
25 16 11 16 22 22 
45 42 33 42 41 41 
45 33 33 53 41 54 
45 42 45 '53 41 54 
4[ .so 41 61 50 50 
55 38 55 38 50 50 
55 50 40 38 50 50 
so 57 50 69 58 ~8 
70 50 54 61 63 63 
66 46 50 58 60 60 
50 69 63 46 58 35 
54 50 54 75 63 63 
58 64 58 53 66 42 
50 46 50 46 60 45 
60 53 60 66 70 54 
EO 66 45 42 5! 5! 
58 64 46 76 53 66 
60 66 60 42 51 51 
50 66 61 56 57 16 
50 66 61 56 57 46 
54 50 70 61 &l 63 
63 5? 50 69 52 58 3 0 75 ·72 55 i2 
58 53 58 91 
66 co so 5e 
66 17 53 
66 21 sa e3 6E s; 55 
60 i7 '67 
ea 10 5o 
~~ : 23 23 :; ~~ 33 42 50 3E 50 57 50 46 69 50 61 46 53 &5 5 ~ 55 6 50 57 53 46 66 66 60 75 5G 53 
63 n n n 
se se 10 70 
6~ 51 51 6: 
2! : 33 33 :; 33 33 ~5 41 55 co 50 54 50 63 54 58 50 60 4 5 I i 
27 : 33 33 i[ 42 53 53 51 3B 38 69 61 58 46 75 53 46 
22 : 30 30 22 41 41 41 50 50 50 58 63 60 58 63 66 60 
25 : 30 30 21 ~1 54 54 50 50 50 58 63 60 35 63 42 45 
29 : 33 33 25 45 45 45 41 40 55 50 54 66 38 54 46 50 
66 
70 
54 
60 
36 : 36 lf l~ 16 46 !6 53 30 41 61 53 ~3 50 66 57 50 72 
33 : 30 lG 22 11 11 4i 38 50 50 46 63 60 46 50 53 45 54 
34 : 30 ~G ;; 41 41 41 50 36 50 58 50 60 46 63 53 60 70 
~2 : !0 ~~ 22 !! 41 41 38 36 50 46 50 60 35 50 12 45 54 
38 : 15 i5 l£ 35 35 j5 42 30 41 50 42 50 40 53 46 50 58 
42 i6 
54 ~: 
54 65 
4 5 58 
46 6~ 
54 53 
54 s~ 
54 65 
I' ~ 1 
.o .. 
£1 ! 70 50 58 50 77 66 53 6'6 54 
~5 56 61 
Si Si 63 
46 H 63 
40 40 54 
60 EO 53 
5i 57 63 
57 57 63 
H 46 50 
50 50 53 
6 9 ~ 1 58 53 6 0 53 61 75 
58 56 60 88 75 88 61 63 
58 81 77 70 50 54 75 63 
80 sa 87 Go 53 45 66 54 10 
75 83 53 58 64 58 91 66 66 
12 56 77 
SE 81 i7 
72 56 77 
61 69 63 
sa 61 10 6! so ao 
70 61 70 75 80 80 
10 61 54 75 63 80 
58 64 58 76 66 66 
45 
66 
54 
70 
72 
58 70 7D 54 
91 61 75 75 
66 80 t-il 6 3 
66 80 80 80 
72 70 70 88 
70 66 
66 e: e; 
80 ao 
?0 8i 80 80 
88 81 80 80 
72 83 66 81 &! 
a 
:t:. ~ 
'-' ~ 
~ ~-
t'r'] 
a969 
a966 
a975 
a698 
s552 
s732 
a961 
s733 
s738 
a959 
s731 
a964 
a965 
s745 
a960 
a974 
a962 
s737 
a981b 
s739 
s740b 
s740a 
a985 
a995a 
a979 
a986 
s742 
a968 
a972 
a981 
a973 
a978 
a983 
a99 Sb 
a992 
a994 
a991 
s9999 
Appendix E 
La Creuse datafile a~alysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 t = 60-69 = = 50-59 - = 40-49 : = 30-39 . = 20-29 
37 
19 
24 
2 
1 
4 
15 
7 
13 
3 
1 j 
~· 18 
12 
14 
23 
16 
6 
28 
8 
10 
9 
30 
35 
26 
31 
11 
20 
21 
27 
22 
25 
29 
36 
33 
34 
32 
38 
----------------------------------------------------------------------------
X.===-----=--.-. 
X.===-----=--::=::::::-::: ••••• 0 ••• 0 o 0 0 0 I 0 0 0 
- - X - = : : t : : X t t + : - = : = 
+=--+x+:x-:+:=:: :-===-: :=-=-----: 
- - - + = = = X X + + X - : + - = + = = = = = = - - - = - = - - - - - : 
- - . X = = = = X + + = X + + X = + - - - : - t - - : - + : = - : : : : -
-- =-+--=------: :+---=:=:==-:=::: 
.- --- +=+-=-+=x-=:::--+==-:===-===-
- - . = + X X - + X X + X + = X = + = = = = = X = = = = + = = = + - = - = 
- - . = X X t t = X X = X + - X - + - - - + X t + X = = t + + = = + = = -
- - . t + t + - + X X = X + = X = + = - - - X + X + - = = + t + + + + + = 
= : + : - - + = : = X - + : = + X X = = = - = + + - = : : = - - : -
. = X X X = = X X X = + + X - + - - - + = X + = = = X + + = + = + = = 
X - - t - - t t + X t t X - = - X X : + = : = t = = t - - = = = - -
. +:: +-+=-=-++ +=:: ----===-=-+-==-+-= 
- - . + + + X - = X X X + X X + - = - = : : + X + + = + + X = + X = X = = 
. + : -=·-X=-::--:- :X=: : : - = + +-- =:-- = = =-
: : : t - - + t t : + : : = : = : : - t t : : t - X = t = + = = t = 
+ - - = = - = + - - : - X = + t - : - : + + t - : : - - : : : -
- . - : : - - X - X - : = = + X = = + - = + + : : - - + = = - = 
=: =-:: =--x-x-===+X ==+-=++==--+==-= 
: - : : t : : t - : + : - : : - - : : : + + : : X + + + : = + t : = 
. = : = - - - : X X : : + - t : + : = : : + X + = = + = : X X X = X + 
- = = + - - X + + = X = = X - + - + + + + + = = = X + X = X + X + + 
. : : : - - + = + X - + = = + = = : - - + X + + - = : + X X + X X 1. + 
. - - - - = : = X + = : : = + + = + : = = + = + + X : X X + = X X X = 
- : - : : : = : - + : + - : + + + + + : : : - + + t X : : t + t t t 
: : - - : - : : : t : : : + - - + + + X : : : X + : X : - : X X = = 
-==+:: ++=-x=-+-x-==++X==+= +X+ X+ XXX 
. - - - = = = = t t = + + + X = = = = = + = + + X X X + + = + X X t + 
- = = = = = = + + : + - - = = + = - - t = X X X = = X + X t X X X + 
- - - - - = = = + : = - : + - = - - - = X = X + = - + = 7. X X X X X 
- - - = : - + = + = + = = X - t - + + = X X + = + = X + t X • X X K 
- - - : = = - + + - = = - : = = = = = + 7. T X X + X + ! X E + X X + 
= : = = = + - + : + X = = = = = + = X X X + X X X X X X X X X 
.---: :=-=+:=--==+=--=X+!!+=xrXXXXX K 
: : : - : - : - = - = - = = - = - = = = + t + = + = X t + X X t X X 
----------------------------------------------------------------------------
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Appendix E 
Petit Bornand Roarl: Section datafile analysed using JaccMat 
r algae g algae ruaists bivalves brachiopods peloids ooids glauconite 
quarts c fora~s m forams micrite microbial mu bryazoans corals echinoderms 
ostracods gastropccs 
Numeric presentation of optimised matrix of samples 
3 ~ j 19 18 5 16 23 15 8 20 24 25 21 10 22 7 11 9 12 14 13 
----------------------------------------------------------------------------------------------------
a20 3 : 100 56 42 66 57 57 57 57 57 57 50 50 37 37 36 37 33 33 21 22 21 18 15 15 
a740 17 : 100 66 42 66 57 57 57 57 57 57 50 50 37 37 36 37 33 33 21 22 21 18 15 15 
a742 19 : 66 66 71 il 62 62 62 62 62 62 55 55 H H 54 44 40 40 26 30 26. 25 21 21 
aHl 18 : 42 U il 5G 62 62 62 H H H 40 40 30 30 54 30 27 27 26 30 18 25 30 30 
a2l 4 : 66 66 il 50 85 85 85 85 85 85 75 75 62 H 54 62 55 55 35 H 35 36 30 30 
a19 2 : 57 57 62 62 85 100 100 75 75 :-; 56 66 55 40 53 55 50 50 42 40 33 JJ 38 38 
a13 1 : 57 57 62 62 85 100 100 75 75 75 66 66 55 40 63 55 50 50 42 40 33 33 38 38 
a22 5 : 57 ci Ei 62 85 lOG lDO 75 75 75 66 66 55 ~0 63 55 50 50 42 40 33 33 38 38 
a739 16 : 57 •. E2 H S5 iS i5 75 100 100 55 37 75 55 63 75 66 66 42 55 0 45 38 38 
aH5 23 : 57 • . 52 H 25 75 iS 75 100 1G0 56 Bi 75 55 63 7; 66 66 42 55 42 45 ~8 3E 
a738 15 : 5i Si 62 H 85 iS 75 75 lDO 100 65 8i 75 55 63 75 66 66 42 55 42 ~5 35 38 
ai25 8 : SD ~~ 55 40 i5 66 66 55 56 66 6i 60 50 Jo 58 SD 60 60 40 50 50 54 46 H 
aH3 20 : SD :~ S5 40 ~~ 66 66 C6 87 87 87 50 oi 50 72 66 i7 77 50 50 50 41 ;6 46 
a747 24 : ·37 c. f? 30 cZ 55 55 55 i5 iS 75 50 57 ~~ 63 55 66 66 53 40 ?2 ••.• 38 
aH8 25 : jl Ji ?4 30 H 40 ?D 40 55 55 ss 35 so 55 33 55 36 36 42 40 j~ 45 38 3a 
a7~4 21 : 4 ~ ~ .. 54 5~ s~ 63 ~,J 63 63 63 t3 se :L 63 38 50 72 72 ou jE so ~2 57 jj 
am ~G : "' ji ~? 3C 52 55 55 ~" 75 75 ;5 50 66 ::J 55 SO 65 cc 42 75 53 60 50 50 
aH5 22 : .J; J; ~G if ::: 50 50 SO 56 55 ~- 60 77 55 36 i2 ~c 100 50 SD ol 54 •" 58 
a23 6 : 33 .J fD 27 55 5D 50 50 56 66 56 60 i.i 65 35 72 66 100 50 5v 51 5? se 58 
a72l 21 2: 26 25 35 ~2 ?2 42 42 42 ?2 40 50 53 42 60 42 50 50 33 52 3i 50 50 
a732 ll : 22 Li !0 30 g 40 ~0 40 55 55 55 50 50 40 40 38 i5 SD 50 33 53 ii 53 63 
am 9 : 2l u 2£ 18 35 " j; 33 42 42 f2 50 50 42 33 5D :; 61 51 62 53 5i c~ 60 
ai33 2 : 18 "" 25 25 ;o JJ 33 .. 45 45 45 5{ '4! 33 ~s ~2 cO 54 54 37 7i 5i 3: 81 
ai35 4 : l5 ~5 i~ 3D 30 3E JV 33 38 j8 32 4o 46 3c 38 5i 50 58 5e 50 63 6(: E~ 100 
a734 3 : !5 15 21 30 30 .Jc 38 38 38 38 38 46 46 38 38 57 50 58 58 50 63 60 81 lOD 
a2G 
aHO 
aH2 
a21 
a28 
a22 
Symbolic presentation of optimised matrix of samples 
Key to codes i = 80-lOO I = 70-79 • = 5D-~9 = = 50-59 - = ~0-49 : = 30-39 . = 20-25 
!.--~========:::::: 
~ - ~ = = : = : : : : 
X ~ ~ : ~ + ~ ~ : : - - : - - - . 
- - I 
- - ! = I Z ~ ~ ~ l ! X ~ - = + = = : 
: : ~ ~ ! I X X X ! ~ ~ : - ~ : : : - -
: : · • i i ! ! ! ! • I : - • : : : - - ; 
: : + ~ L ! L X ! X ~ ! : - - : : : - -
a739 :e = = - - z z z z r ~ - I x = + x t + - = - -
a7~E 23 ==~-xzr.::I Z-"f.}:=+!+f-=--
a 7 38 :5 : : • - i. !. !. I i. i: • ~ Y. : • X • t - : • - : 
a725 
a in 
aH7 
a He 
am 
a73i 
a745 
a23 
a721 
a732 
am 
ai33 
a735 
a7H 
n 
z; 
25 
2~ 
lD 
22 
!l 
: : : - z ~ ~ • ~ + - ~ : : : : + ~ - : : : - -
: : : - ! * ~ : ~ X I ; I : X ~ X X : = : - - -
· - : : = = = r r z = I = ~ = + + = - - : : . 
===+~:~:~=::: =!:r::=-== 
: : : : ! ! ! : - : : : + + - ! : + = : 
:-.::::-••;r.;:l.+ ,\==·=== 
-.::::';.';?.+:!:+/. ==+=== 
:-------::-+-== '!":== 
----:::::--:7..==: =:.++ 
:---::-:==+'!'+= =+7 
--+==::z= xr. 
: : : : : : . ~ J. 
: : = : : = + ' ~ X 
--------------------------------------------------
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Appendix E 
Pic de Jallouvre datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids glauconite 
quarts o forams m forams micrite microbial mu bryazoans corals echinoderms 
sponge spies ostracods gastropods 
Numeric presentation of optimised matrix of samples 
. 
9 5 1 6 8 11 7 10 13 3 12 15 4 2 18 14 17 19 16 
----------------------------------------------------------------------------
a782 9 : 70 40 66 46 54 50 40 27 46 38 38 36 36 27 21 28 23 21 
a771 5 : 70 36 60 64 63 57 50 36 33 58 46 33 33 25 28 26 21 20 
s280 1 : 40 36 44 33 36 35 20 9 21 23 33 44 44 20 25 23 27 25 
a773 6 : 66 60 44 50 45 53 44 30 50 41 54 55 55 30 33 41 36 33 
a778 8 : 46 64 33 50 53 80 33 33 56 50 41 40 40 33 35 41 37 35 
a791 11 : 54 63 36 45 53 69 66 66 42 58 58 45 45 36 38 46 41 38 
a776 7 : 50 57 35 53 80 69 46 46 71 53 53 53 53 35 46 53 50 46 
a790 10 : 40 50 20 44 33 66 46 71 30 60 60 44 44 50 50 33 27 25 
a793 13: 27 36 9 30 33 66 46 71 41 45 45 30 30 33 36 33 27 25 
a766 3 : 46 33 21 50 56 42 71 30 41 40 40 50 50 30 33 50 46 42 
a792 12 : 38 58 23 41 50 58 53 60 45 40 66 54 54 45 46 53 38 46 
a795 15 : 38 46 ., J" 54 41 58 53 60 45 40 66 54 54 33 72 66 50 58 
a769 4 : 36 33 H 55 40 45 53 44 30 50 54 54 100 62 45 54 66 60 
a764 2 : 36 33 44 55 40 45 53 44 30 50 54 54 100 62 45 54 66 60 
a798a 18 : 27 25 20 30 33 36 35 50 33 30 45 33 62 62 36 33 40 36 
a794 14 : 21 28 25 33 35 38 46 50 36 33 46 72 45 45 36 46 41 50 
a797 17 : 28 26 23 41 41 46 53 33 33 50 53 66 54 54 33 46 80 90 
a799 · 19 : 23 21 27 36 37 41 50 27 27 46 38 50 66 66 40 41 80 88 
a796 16 : 21 20 25 33 35 38 46 25 25 42 46 58 60 60 36 50 90 88 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 X : 70-79 + : 50-69 : : 50-59 - : 40-49 : : 30-39 0 : 20-29 
--------------------------------------
a782 9 X - t - : = - o - : 0 0 
a771 5 X :+++==: : = - 0 0 
s280 1 0 - - 0 0 
a773 6 + + - =-=-:=-===: :-:: 
a778 8 - + : : = X : : = : - - - 0 -
a791 11 : t : - : + + + - : : - - : . - - . 
a776 7 = = : = X t - - X : : : : : - : : -
a790 10 - : 0 - : + - X : t + - - = = : 
a793 13 : : t - X - - - 0 0 
a766 3 - 0 o : = - X : - - - : = : : = - -
a792 12 : : 0 - : : : + - - + : : - - : : -
a795 15 : - : : - : : + - - + : : : X t : : 
a769 4 : - = - - = - : = = = X t - = + t 
a764 2 : - = - - = - : = = = X + - : + + 
a 79.8a 18 0 - 0 : - : + + 
a794 14 0 - - : - X - - : : 
a797 17 . - - - = : : : : .+ : : : - X X 
a799 19 : - = 0 - : = + + - - X X 
a796 16 0 - - = t t : = X X 
--------------------------------------
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Roschcrs de Lcschuux datafile analysed using JaccMat 
r alqae q alqae rudists bivalves brachiopods peloids ooids quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderms ostracods 
qastropods 
Numeric presentation of optimised matrix of samples 
1 1 8 5 6 4 18 10 3 19 17 11 16 14 9 15 27 2 21 13 33 H 25 12 20 23 31 28 2E 24 29 30 22 32 
-------------------------------------------------------------------------------------------------------- -------
a285 7 : 100 77 90 80 80 66 66 66 60 55 55 50 66 66 54 60 66 54 54 54 60 45 42 41 41 46 50 41 38 50 50 41 46 
a279 1 : 100 77 go 80 80 66 66 66 6o 55 55 5o 66 66 54 60 66 54 54 54 60 45 42 41 4i 46 50 4i 3e so 50 4! 4€ 
a286 8 : 77 77 70 60 60 85 85 62 75 71 71 62 62 50 50 55 63 66 50 50 55 55 38 50 50 41 45 36 ~5 45 45 36 41 
a284a 5 : 90 90 70 9o 12 60 60 60 70 5o 50 45 60 75 63 10 75 so 5o 5o 54 41 50 5o 50 53 5e 5o 46 46 46 38 42 
a284b 6 : 80 80 60 90 63 50 50 66 60 40 40 36 50 81 54 60 66 41 41 41 45 45 42 54 54 46 50 41 50 38 38 41 35 
a283 4 : 80 80 60 72 63 50 50 66 45 55 55 66 66 53 70 60 53 41 54 70 60 33 53 30 30 46 50 41 28 50 50 41 46 
a296a 18 : 66 66 85 60 50 50 100 50 85 83 83 71 71 41 55 62 54 75 55 55 52 62 li 55 55 45 50 40 50 50 50 40 45 
a289a 10 : 66 66 85 60 50 50 100 50 85 83 83 71 71 41 55 62 54 75 55 55 62 62 41 55 55 45 50 40 50 50 50 40 45 
a281 3 : 66 66 62 60 . 66 66 50 50 44 57 57 50 71 54 55 62 54 40 55 55 62 44 4i 40 40 45 50 40 36 50 50 55 45 :t.. a296b 19 : 60 60 75 70 60 45 85 85 44 71 71 62 62 50 66 75 63 66 50 50 55 55 50 66 66 54 60 50 60 45 45 36 41 :g 
a295 17: 55 55 71 50 40 55 83 83 57 71 100 83 83 33 62 71 45 62 62 62 71 50 45 44 44 50 55 44 40 55 55 44 50 (';) :::s 
0"1 a289b 11: 55 55 71 50 40 55 83 83 57 71 100 83 83 33 62 71 45 62 62 62 71 50 45 44 44 50 55 44 40 55 55 44 50 ~ 0 am 16 : 5o 5o 62 45 36 66 71 11 5o 62 a3 s3 71 30 75 62 41 55 55 75 62 44 54 40 40 45 50 40 36 50 50 40 45 
a292 14: 66 66 62 60 50 66 71 71 71 62 83 83 71 41 75 85 54 55 75 75 85 44 54 40 40 60 66 55 36 66 66 55 60 t'r] 
a287 9 : 66 66 50 75 81 53 41 41 54 50 33 33 30 41 46 50 83 35 46 35 38 50 46 58 58 40 53 58 66 53 53 46 50 
a293 15 : 54 54 50 63 54 70 55 55 5~ 66 62 62 75 75 46 87 58 45 60 77 66 36 72 45 45 63 70 60 41 54 54 45 50 
a305 27 : 60 60 55 70 60 60 62 62 62 75 71 71 62 85 50 87 63 50 66 66 75 40 63 50 50 70 77 66 45 60 60 50 54 
a280 2 : 66 66 63 75 66 53 54 54 54 63 45 45 41 54 83 58 63 46 58 46 50 50 57 58 58 50 66 72 66 66 66 46 61 
a298 21 : 54 54 66 50 41 41 75 75 40 66 62 62 55 55 35 45 50 46 45 60 66 66 46 60 60 63 54 33 54 54 54 60 63 
a291 13 : 54 54 50 50 41 54 55 55 55 50 62 62 55 75 46 60 66 58 45 60 66 36 58 33 33 50 70 60 ~! 70 70 60 63 
a314 33 : 54 54 50 50 41 70 55 55 55 50 62 62 75 75 35 77 66 46 60 60 87 50 58 45 45 63 70 45 41 70 70 60 63 
a315 34: 60 60 55 54 45 60 62 62 62 55 71 71 62 85 38 66 75 50 66 66 87 55 50 50 50 70 77 50 45 77 77 66 70 
a302 25 : 45 45 55 41 45 33 62 62 44 55 50 50 44 44 50 36 40 50 66 36 50 55 za 87 87 41 45 36 77 60 50 5o 54 
a290 12 : 42 42 38 so 42 53 41 4i 41 so 45 45 54 54 46 72 63 57 46 sa 58 5~ 2a 35 35 75 66 58 42 53 53 sa 6i 
a297 20 : 41 41 50 50 54 30 55 55 40 66 44 44 40 40 58 45 50 58 60 33 45 50 87 35 100 50 54 45 88 54 54 45 50 
a301a 23 : 41 41 50 50 54 30 55 55 40 66 44 44 40 40 58 45 50 58 60 33 45 50 87 35 100 50 54 45 88 54 5l 45 50 
a311 31 : 46 46 41 53 46 46 45 45 45 54 50 50 45 60 40 63 70 50 63 50 63 70 41 75 50 50 72 50 46 58 53 63 66 
a308 28 : 50 50 45 58 50 50 50 50 50 60 55 55 50 66 53 70 77 66 54 70 70 77 45 66 5~ 54 72 70 63 ao eo 10 12 
a304 26 : 41 41 36 50 41 41 40 40 40 50 44 44 40 55 58 60 66 72 33 60 45 50 36 58 45 45 50 70 54 70 70 45 63 
aJOlb 2 4 : 38 38 45 46 so 2e 50 5o 36 60 40 40 36 36 66 41 45 66 5< 41 4i <5 77 42 e8 se 46 63 54 63 63 54 58 
a309 29 : 50 50 45 46 38 50 50 50 50 45 55 55 50 66 53 51 60 66 51 70 70 77 60 53 54 54 58 80 70 63 100 70 90 
a310 30 : 50 50 45 46 38 50 50 50 50 45 55 55 50 66 53 54 60 66 54 70 70 77 60 53 54 54 58 80 70 63 100 70 90 
a300 2 2 : 41 41 36 38 41 41 40 40 55 36 44 44 40 55 46 45 50 16 60 60 60 66 50 58 45 45 63 70 45 54 70 70 80 
a312 3 2 : 46 46 41 42 35 16 45 45 45 11 50 50 45 60 50 50 54 61 63 63 63 70 54 61 50 50 66 72 63 58 90 90 80 
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Rosd1c1·s de Lcschuux uatarik. analysed using JaccMat 
r aigae q algae rudists bivalves brachiopods peloids ooids quarts 
o !crams m !crams micrite microbial mu bryazoans corals echinoderms . ostracods 
gastropods 
Numeric presentation of optimised matrix of samples 
1 8 18 10 3 19 17 11 16 14 9 15 27 2 21 13 33 34 25 12 20 23 31 28 26 24 29 30 22 32 
------------------------------------------------------------------------------ -------------------------------7 : 100 77 90 80 80 66 66 65 
1 100 11 go so eo &5 66 66 
60 55 
60 55 
75 71 
70 50 
60 ~0 
45 55 
55 50 66 66 54 60 66 54 54 54 60 45 42 41 41 46 50 41 38 50 50 41 46 
55 50 66 66 54 60 66 54 54 54 60 45 42 41 41 46 50 41 38 so so 41 46 
71 62 62 so so 55 63 66 50 50 55 55 38 50 50 41 45 36 45 45 45 36 41 
50 45 60 75 63 70 75 50 50 50 54 41 50 50 50 53 58 50 46 46 46 38 42 
40 36 50 81 54 60 66 41 41 41 45 !5 42 54 54 46 50 41 so 38 38 41 35 
55 66 66 53 70 60 53 41 54 70 60 33 53 20 30 46 50 41 28 50 50 41 46 
33 71 71 41 55 62 54 75 55 55 62 62 41 55 55 45 50 40 50 50 50 40 45 
83 71 71 41 55 62 54 75 55 55 62 62 41 55 55 45 50 40 50 50 so 40 (5 
57 50 71 54 55 62 54 40 55 55 62 44 41 40 40 45 50 40 36 so so 55 45 
8 : 
5 : 
~ 
iS : 
lo 
3 : 
l ·~ : 
j7 
!; 
!6 
1! . 
15 : 
27 : 
z : 
2, . 
.. 
13 : 
3 3 : 
H: 
25 : 
12 : 
20 : 
r-
J 
l 
l 
2~ 
2' . 
j~ : 
2£ 
] 2 : 
77 77 10 so 60 es 85 62 
90 90 70 90 12 50 60 60 
80 50 60 90 6] 50 50 66 
80 EO 60 72 12 SG 50 66 
66 56 85 60 50 0 
65 66 65 60 50 0 ; 
lOC SO 35 83 
5o e5 83 
4 4 57 66 65 52 6J 5& 5 50 
~0 60 75 70 5~ 5 S5 <4 
:l 55 11 50 40 55 33 83 51 71 
ii 71 62 62 
100 83 83 
55 55 li 50 IC 5~ 83 &l 51 11 iCO 81 "1 • 0. 
50 66 75 63 66 50 50 55 55 50 66 65 54 60 50 60 45 (5 36 41 
33 62 71 45 62 62 62 71 so 45 44 44 50 55 44 40 55 55 44 50 
33 52 71 45 62 62 62 71 50 45 44 44 50 55 44 40 55 55 (4 50 
50 50 52 45 36 56 71 ii 50 52 33 83 
6! 65 62 60 50 E6 7; 7; 7i 67 Bj 83 71 71 30 75 62 41 S5 55 75 62 44 54 40 40. 45 50 40 36 so so 40 45 41 75 85 54 55 75 75 85 44 54 40 40 60 66 55 36 66 66 55 60 
56 66 :o 15 21 53 li ;; 54 50 33 33 30 41 
~~ 54 SG 63 51 lC 55 55 55 56 62 62 75 75 
50 60 55 10 60 50 62 52 62 75 11 71 62 85 
66 65 63 75 6£ 53 54 54 54 53 45 45 4i 54 
54 54 66 50 41 41 75 75 40 66 62 62 55 55 
54 54 50 50 41 54 55 55 55 50 62 62 55 75 
54 54 50 50 41 70 55 55 55 50 62 62 75 75 
60 60 55 51 15 60 62 52 62 55 11 71 62 85 
45 !5 55 4i 45 33 62 62 44 55 50 50 4( 44 
12 12 38 50 42 53 4! Ci 41 50 45 45 54 54 
4i li 50 50 54 30 55 55 40 66 41 44 40 40 
1: 4i 50 50 54 20 55 55 4C Sf, 44 44 40 40 
46 46 li 53 l~ 16 45 lS 45 54 50 50 45 60 
5~ 50 1s sa 50 ~~ s~ 5~ 50 6G 55 55 5o 66 
li l! 36 50 li Ci 40 10 10 50 14 44 40 55 
JS 35 I~ 4£ ~: i~ ~~ 5~ J6 EC 40 CG 35 36 
s~ ~e lS 45 ls ~0 50 50 so ~~ ss 55 5o 66 
5~ :~ !S E i: l~ :0 50 ~~ I! 55 !5 50 66 
ll li 26 3 :; 1: 10 co 55 3t 14 44 40 55 
;: I& c: 2 3: 45 15 i: 45 11 50 50 45 50 
46 50 83 35 46 35 38 50 46 58 58 .40 53 58 66 53 53 46 50 
46 87 58 45 60 77 66 36 72 45 45 63 70 60 41 54 54 45 so 
so 8i 63 50 66 66 75 40 63 50 50 70 77 66 45 60 60 50 54 
83 58 63 46 58 46 50 50 57 58 58 50 66 72 66 66 66 46 61 . 
35 45 50 46 45 60 66 66 46 60 60 63 54 33 54 54 54 60 63 
46 60 66 58 45 60 66 36 58 33 33 50 70 60 41 70 70 60 63 
35 11 66 46 60 60 87 5o se 45 45 63 10 45 41 10 10 60 63 
38 66 75 50 66 66 87 55 so 50 50 70 77 50 45 77 77 . 66 70 
so 36 40 50 66 36 50 55 28 87 87 41 45 36 77 60 60 50 54 
46 72 63 57 46 sa sa 50 28 35 35 75 66 58 42 53 53 58 61 
58 45 50 58 60 33 45 50 87 35 100 so 54 45 88 5( 54 45 so 
5e 45 so sa ~o 33 45 so 87 35 ioo 50 54 45 88 54 54 45 ·so 
40 53 70 50 63 50 63 70 41 75 50 so 72 50 46 58 58 63 66 
53 70 77 66 54 70 70 77 45 66 54 54 72 70 63 80 80 70 72 
sa 50 66 12 33 &o !5 so 36 58 45 45 so 10 54 10 10 45 63 
66 41 cs 66 sc ci 41 45 11 42 ee se 46 63 54 63 63 54 58 
53 )4 60 66 54 70 70 77 60 53 )I 54 58 80 70 63 100 70 90 
5j 54 6o 6e 54 10 10 11 60 53 54 54 sa ao 10 63 100 10 90 
46 ~5 50 46 60 60 60 66 50 58 45 45 63 70 45 54 70 70 80 
50 so 54 61 63 63 63 70 54 61 so so 66 7~ .. ~3 . SL_9_0. __ 9Q...8L. 
~ 
'"15 
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Appendix E 
Roschers de Leschaux datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids quarts 
o forams m forams micrite microbial mu bryazoans corals echinoderms ostracods 
gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 = 30-39 . = 20-29 
8 
5 
6 
4 
18 
10 
3 
19 
17 
11 
16 
14 
9 
15 
27 
2 
21 
13 
33 
34 
25 
12 
20 
23 
31 
28 
26 
24 
29 
30 
22 
32 
X X X X X + + + + = = = + + = + + = = = + - - - - - = - : = = - -
X X X X X + + + t = = = + t = t + = : = t - - - - - = - : = = - -
X X X + + X X t X X X t + : = : t + = = = = : : : - - : - - - : -
X X X X X + + + X = = - + X + X X = = : = - : = = = = : - - - : -
X X + X t = = t t - - : = X = t t - - - - - - = = - = - = : : - : 
X X + X + = = + - = = + + : X + : - = X + : : : : - : - . = : - -
+ + X + = : X = X X X X X - = + = X = : + + - = = - = - = : = - -
+ + X t = = X = X X X X X - = + = X = : + + - : = - = - : = = - -
t t t t + t : : - : : : X : : t : - : : t - - - - - : - : : : : -
+ + X X t - X X - X X t + = + X + + = = = = = + + = t = + - - : -
= = X : - = X X : X X X X : + X - + + + X = - - - = = - - = = - = 
: = X : - : X X = X X X X : + X - t t + X : - - - = = - - = = - = 
: : + - : + X X = + X X X : X t - : = X + - : - - - = - : = = - -
+ + + t = + X X X + X X X - X X = = X X X - = - - + + = : + + = t 
++=XX=--==:::- -=X:-::=-==-==+==-= 
: : : t : X : : : + t t X X - X : - + X + : X - - + X + - = = - = 
t t = X + t + + + X X X + X : X + : + + X - + = : X X + - t + = = 
+ + + X + = = = = + - - - = X = + - = - = : = = = : + X + + + - t 
: : + = - - X X - + + + = = : - = - - t + + - + + + = : = = = + + 
: : : = - : = : : : t t : X - + t = - t t : : : : : X + - X X + + 
: : : : - X : : : : t + X X : X t - + t X : = - - t X - - X X + + 
t t : : - t + t t : X X t X : t X : + t X 
- - = - - : t + - = = = - - = : - = + : = = 
: : : : X X = - X X + X 
X X - - : X t t = = 
-- :=-=---=--==-x+=-===. : :x+=-===+ 
- - = = = : = = - t - - - - = - = = t : - = X : X = = - X = = - = 
- - = = = : = = - t - - - - = - = = + : - = X : X 
- - - : - - - - - : : : - t - t X = + : t ! - X : : 
==-X==-= 
X : - : : t t 
X t X X X X : : - : : : : : : t : : : t : X X t : X X X - t : = X 
- - : = - - - - - = - - - : : + + X : t - = : = - - = X = X X - t 
: :--=.==:+--: :+--+=---x-XX-+= t + = = 
= : - - : : : : : - : : : + : = t + = X X X + = = = : X X t 
= = - - ; : = = = - = = = + = = + t : X X X t = = = = X X t X 
X X X 
X X 
X --:: ----=: ---=--=-++++==--+x-=xx 
- - - - : - - - - - = = - + = = = + + + + X = t = = + X + = X X X 
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Appendix E 
Roc des Tours datafile analysed using JaccMat 
g algae bivalves brachiopods peloids ooids glauconite quarts o forams 
m forams micrite bryazoans corals echinoderms sponge spies ostracods gastropods 
Numeric presentation of optimised matrix of samples 
1 16 2 15 14 18 8 13 7 6 11 12 20 10 5 19 9 17 
--------------------------------------------------------------------------------
s41 3 : 91 75 73 69 69 66 64 69 56 46 50 50 50 61 61 53 53 46 50 
s39 1 : 91 66 66 75 75 60 69 61 50 40 43 53 53 66 66 58 58 50 54 
s54 16 : 75 66 64 72 72 57 53 58 46 46 50 40 40 50 50 54 54 60 66 
s42 4 : 73 66 64 71 71 80 78 71 80 60 73 73 73 64 64 57 57 50 42 
s40 2 : 69 75 72 71 81 64 75 66 53 42 46 57 57 58 58 80 63 70 60 
s53 15 : 69 75 72 71 81 64 75 53 53 42 46 57 57 72 72 63 80 54 60 
s51 14 : 66 60 57 80 64 64 84 76 85 76 78 78 78 69 69 61 61 53 46 
s57 18 : 64 69 53 78 75 75 84 75 71 61 64 76 76 81 81 72 72 63 54 
s46 8 : 69 61 58 71 66 53 76 75 76 66 69 69 69 72 72 80 63 70 60 
s50b 13: 56 50 46 80 53 53 85 71 76 76 92 92 92 69 69 61 61 53 46 
s45 7 : 46 40 46 60 42 42 76 61 66 76 83 69 69 58 58 50 50 54 45 
s44 6 : 50 43 50 73 46 46 78 64 69 92 83 84 84 61 61 53 53 58 50 
s49 11 : 50 53 40 73 57 57 78 76 69 92 69 84 100 75 75 66 66 58 50 
s50a 12 : 50 53 40 73 57 57 78 76 69 92 69 84 100 75 75 66 66 58 50 
s60 20 : 61 66 50 64 58 72 69 81 72 69 58 61 75 75 100 70 88 60 66 
s48 10 : 61 66 50 64 58 72 69 81 72 69 58 61 75 75 100 70 88 60 66 
s43 5 : 53 58 54 57 80 63 61 72 80 61 50 53 66 66 70 70 77 87 75 
s58 19 : 53 58 54 57 63 80 61 72 63 61 50 53 66 66 88 88 77 66 75 
s47 9 : 46 50 60 50 70 54 53 63 70 53 54 58 58 58 60 60 87 66 85 
s56 17 : 50 54 66 42 60 60 46 54 60 46 45 50 50 50 66 66 75 75 85 
S¥mbolic presentation of optimised matrix of samples 
- = 40-49 : = 30-39 . = 20-29 Key to codes X = 80-100 X = 70-79 + = 60-69 = = 50-59 
----------------------------------------
s41 3 X X X + + + + + = - = = = + + = = - = 
s39 1 X t t X X + + + = - - = : + + = : = = 
s54 16 X + t X X = = = - - = - - = = = = + + 
s42 4 X + + X X X X X X + X X X + + = = = -
s40 2 + X X X X + X + = - - = = = = X + X + 
s53 15 + X X X X + X = = - - = = X X + X = + 
s51 14 ++=X++ X X X X X X X + + + + = -
s57 18 ++=XXXX X X + + X X X X X X + = 
s46 8 + + = X + = X X X + t t + X X X + X t 
s50b 13 = = - X = = X X X X X X X + + + + = -
s45 7 - - - + - - X t + X X + + = = = = = -
s44 6 = - = X - - X + + X X X X+-+ = = = = 
s49 11 = = - X = = X X + X + X X X X + + = = 
s50a 12 = = - X = = X Y. + X + X X X X + + = = 
s60 20 + + = t = X t X X + = + X X X X X + + 
s48 10 t t = + = X t l X + : + X X X X X t + 
s43 5 = = = : X + t X X + = = t + X X X X X 
s58 19 = = : : + X + X + t : = + + X X X + X 
s47 9 - = + = X : : t X = = = : = t + X + X 
s56 17 = = t - t t - : t - - : = : + + X X X 
----------------------------------------
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am 
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ai07 
a612 
a61\d 
a61G 
a566 
a5i5 
al56d 
a621a 
a5vo 
a6v9 
a~ 55C 
a 58! 
a lei 
a~06 
a5;6 
ai95 
a 56! 
Thone datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids glauconite· 
quarts o forams m fora~s micrite bryazoans corals echinodens ostracods 
gastropods 
·Numeric presentation of optimised matrix of samples 
12 II 2 II 27 5 13 I 9 7 10 22 3 26 35 21 21 18 10 38 37 31 28 39 21 16 16 II I 30 12 II 33 II 36 8 13 31 32 6 19 20 29 11 23 II 
12 : 
II: 
1: 
((: 
21 : 
5: 
71 
12 80 53 88 
72 61 so 
66 10 
(6 
80 72 
53 61 66 
88 eo 10 16 
58 81 11 61 63 
58 61 88 66 53 50 16 50 50 16 63 II 70 63 50 50 30 12 63 63 II 51 II 55 15 38 50 II II 
81 83 63 90 11 69 53 58 58 66 58 50 63 12 72 57 50 50 58 58 50 38 63 50 51 58 58 50 38 
72 61 70 66 53 50 58 63 63 58 50 II 51 50 63 61 II 12 63 50 51 II 51 55 EO 50 38 51 II 
61 53 16 57 56 13 61 53 53 61 12 35 35 12 53 61 58 37 53 12 16 35 16 33 38 53 11 16 35 
63 66 11 71 57 53 50 II 51 50 70 II 11 70 51 12 33 16 51 70 II II 15 62 50 II 51 II II 
13 : 61 83 61 53 !6 69 
69 50 75 71 69 53 12 58 66 16 38 50 58 12 57 50 50 58 16 50 50 63 50 51 58 16 50 38 
53 91 85 Bl 69 50 61 69 61 53 66 11 71 50 53 61 61 61 53 11 66 II 58 61 61 53 53 
58 16 12 38 51 II 38 51 33 17 II II 53 23 16 10 10 15 60 II 62 50 II 51 15 33 
18 16 61 13 13 15 66 58 12 81 81 61 58 11 66 66 58 16 11 15 63 66 66 58 16 
85 1i 61 61 11 61 57 51 61 61 62 51 18 53 61 51 46 57 35 5~ 61 El 51 51 
57 50 61 51 50 53 53 75 61 50 53 16 56 50 11 12 66 II 58 61 61 53 53 
58 71 66 58 50 50 16 58 51 63 61 16 58 E3 38 50 36 II 58 16 El 63 
63 58 50 II II 38 63 61 II 66 50 6i 70 51 51 55 60 63 50 70 II 
58 50 II II 50 50 50 51 66 iS 50 II lO II 55 60 63 50 70 70 
72 63 50 58 72 69 so 50 58 58 eo 38 63 36 11 72 5e 63 so 
70 70 63 50 50 II 53 50 80 1G 11 II 10 15 50 63 51 51 
15 51 II 12 60 58 JO 51 60 13 15 30 50 51 5I 60 15 
70 70 53 33 58 70 88 60 . 60 60 61 56 5I 70 60 15 
63 50 5I 53 63 63 II II 70 55 60 63 80 51 51 
75 11 53 eo 63 10 11 88 ss 11 8o 63 7G H 
53 53 75 61 56 53 66 11 se 11 61 66 12 
16 11 li 6C- 1i 60 30 50 10 II ~~ 15 
11 66 se 16 58 11 63 66 66 72 sa 
63 51 70 70 55 60 63 63 I! 11 
10 51 II 55 60 63 80 10 51 
15 60 II 66 iO 51 11 15 
I 5 II 50 ll II I I I I 
62 67 66 iO 77 15 
11 55 55 62 II 
17 60 67 50 
80 68 51 
70 51 
60 
II 36 41 15 36 
51 15 50 41 33 
II 36 41 II 36 
38 30 16 38 30 
50 10 15 50 (0 
51 15 50 41 33 
58 50 53 16 38 
50 10 (5 50 10 
63 51 58 10 41 
50 12 51 50 11 
Y H 13 16 U 
l1 33 50 II 15 
45 36 51 60 50 
li 36 51 60 50 
51. 60 63 51 II 
15 50 51 60 50 
36 10 II 50 10 
66 55 60 66 55 
11 66 70 60 50 
11 66 70 60 50 
Y 50 66 Y H 
50 55 60 50 10 
50 41 58 63 II 
11 66 70 60 50 
60 50 10 11 66 
50 15 60 66 55 
50 10 15 50 10 
81 75 11 66 55 
11 57 61 11 57 
75 61 66 75 62 
77 66 88 17 66 
71 ,66 88 77 66 
66 55 77 81 75 
50 10 60 66 55 
36 36 
(5 15 
36 36 
30 30 
(0 10 
45 15 
50 50 
10 10 
II 51 
l1 12 
50 50 
33 33 
36 36 
36 36 
II II 
j6 36 
27 27 
55 55 
66 66 
H 66 
50 50 
40 10 
11 II 
66 56 
50 50 
10 (0 
55 55 
75 75 
57 57 
62 62 
66 66 
66 66 
55 55 
55 55 
65 85 
Jj 71 
75 75 
61 61 
50 50 
33 36 36 27 27 
41 33 33 25 25 
33 36 36 27 27 
38 30 30 21 13 
36 40 10 30 30 
41 33 33 15 15 
46 l8 l8 lO 30 
36 10 10 30 30 
50 41 41 33 lJ 
10 11 11 35 35 
16 36 38 30 30 
41 15 15 36 16 
41 50 50 40 10 
15 50 50 10 10 
51 15 15 50 50 
41 50 50 55 55 
36 10 10 (( (( 
50 55 55 II II 
60 50 50 10 10 
60 50 50 10 !G 
58 50 50 11 0 
50 10 H H H 
50 51 51 15 ll 
60 50 50 10 10 
50 66 66 55 55 
50 55 55 61 6i 
50 55 55 II II 
66 55 55 (( (( 
50 57 51 12 42 
55 62 62 50 50 
77 66 66 55 55 
17 66 66" 55 55 
66 75 75 61 61 
66 75 75 62 62 
15 62 61 50 50 
62 50 50 57 .57 
87 75 71 61 62 
75 85 85 11 7! 
62 11 71 57 57 
85 11 71 57 57 
85 11 11 57 57 
i : £8 63 70 46 11 50 53 
9: 
7: 
10 : 
ll: 
3: 
it: 
35: 
15: 
1'. 
16 : 
10 : 
35: 
i7: 
H: 
28 : 
39: 
21: 
IE: 
lt: 
(i: 
I: 
30 : 
12: 
15: 
33: 
11: 
36: 
6. 
13: 
31: 
31: 
6: 
I' 
iD : 
2'. 
17: 
13: 
ll: 
66 90 66 57 71 75 91 58 
53 71 53 56 Si 11 e1 H 78 
50 69 50 0 13 69 81 12 76 85 
16 53 IE !1 50 ll 61 31 61 11 li 
50 56 63 53 51 i2 50 51 53 61 50 58 
50 55 63 53 ~~ 51 6! !; 53 61 61 72 63 
16 66 58 61 50 66 61 JS 75 11 57 !6 58 58 
63 If 50 li i~ 15 61 II 66 61 50 58 50 50 71 
11 50 li 35 II 38 53 33 58 57 53 50 11 II 63 70 
10 63 II 35 i1 5~ 66 71 71 57 53 50 51 11 50 70 II 
63 72 50 12 70 58 iS 51 81 64 75 16 38 50 58 63 51 70 
50 Ji 63 53 51 71 71 II 81 61 61 58 63 50 72 50 II 70 63 
50 li 61 61 li Si 60 53 61 62 50 17 6i 50 69 50 12 53 50 75 
30 ID I! 56 il 50 53 ii 58 57 53 63 li 51 80 51 60 33 51 II 53 
12 50 11 3i l5 50 6! I! 51 78 76 61 66 66 50 53 58 58 53 53 53 I! 
6J IS 63 Si i! 58 6: 10 66 53 IC 16 50 38 58 50 30 70 63 80 75 II 12 
6i 58 50 li 70 16 6i 7U 6£ 61 50 58 63 50 58 80 54 88 63 63 61 41 66 63 
II 50 51 1: II 5~ 53 15 58 57 12 63 70 51 80 70 60 60 1i 70 66 60 58 51 70 
51 38 II 35 !~ 50 12 50 16 16 li JS 5I 30 38 41 13 60 11 51 53 13 16 70 51 
1: 63 51 II !5 63 66 li 71 57 66 i~ 51 51 6J II 45 60 76 88 66 60 58 70 51 
55 50 55 33 ii 50 11 i1 15 35 I! 36 51 II 36 10 30 61 51 55 1i 30 15 55 55 
I~ 51 60 iS 5D I! IS 50 63 50 So 51 60 66 II 15 50 66 60 11 58 50 63 60 EO 
38 58 50 53 11 56 tl ll 66 61 61 58 63 63 72 50 51 51 63 80 75 70 66 63 63 
so 5e 38 11 H H 61 51 66 61 61 16 so so 58 63 54 7o 80 63 61 11 66 63 so 
11 50 51 16 li 50 ll 15 18 57 53 63 70 70 63 II 60 60 51 70 65 60 71 II 70 
I! 3c li 35 15 3£ 53 Jj 16 57 53 63 11 70 50 51 15 15 51 11 11 15 58 4! II 
15 51 II JB 50 51 58 50 63 50 58 II 15 II 51 IS 36 66 11 77 58 50 50 7i 60 
36 II 36 30 IC II 50 10 51 li 50 JJ 36 36 60 50 40 55 66 66 50 55 11 66 50 
II 50 11 IE II SO 53 II 58 51 53 50 51 51 63 54 IS 60 10 70 66 60 58 10 70 
II li II 38 50 11 16 IG 50 50 16 51 60 60 51 60 50 66 60 60 58 50 63 60 77 
36 33 36 30 1• 33 Je 10 o 11 Ja 15 so so 15 5o 10 ss so so so 10 54 so 66 
36 II l6 30 !0 15 SO !0 51 12 50 33 36 36 15 36 27 55 66 66 50 10 II 66 50 
36 !5 36 30 I~ II iO 10 51 12 50 33 36 36 15 36 17 55 66 66 50 10 41 66 50 
33 n 33 Je :: 11 16 11 so so 16 11 15 11 11 11 36 so 60 60 se 50 so 6o 6o 
36 33 36 Jt !0 33 33 !0 II 12 38 II 50 50 15 50 10 55 50 50 50 10 II 50 66 
36 33 36 30 ~~ 33 iS 10 11 11 38 15 50 50 15 50 10 55 50 50 50 10 51 50 66 
17 15 17 2J JC 25 30 30 33 35 lO 36 10 10 50 55 II II 10 10 11 II 15 10 55 
2i 25 27 13 30 iS lO JO 33 35 30 36 10 10 50 55 II II 40 10 11 (( II 10 55 
!I 
6C I~ 
II II 
H sv 
70 41 
5! 11 
17 II 
41 15 
50 50 
55 10 
60 II 
S6 50 
55 (0 
(0 55 
10 ~~ 
50 50 
15 5! 
55 15 
61 (( 
61 (( 
61 
87 11 
88 55 77 
70 55 60 86 
11 61 67 68 70 
II II 50 51 51 60 
87 11 15 17 11 66 50 
75 57 61 66 66 51 40 85 
85 81 75 62 
75 61 50 
87 75 
85 
77 62 66 88 88 77 60 87 15 
66 11 75 77 1i 87 66 75 62 87 
55 57 62 66 66 75 55 61 50 75 85 
71 57 6i 66 66 55 55 85 11 71 61 50 
75 57 61 66 66 55 55 85 71 75 61 50 100 
61 85 
11 71 
11 11 
57 57 
57 57 
66 50 55 ii 77 56 66 75 61 S7 75 
55 57 61 66 66 75 75 62 50 .75 85 
55 57 61 H 66 75 75 61 50 75 85 
(( 41 50 55 55 62 61 50 51 61 11 
(( 11 50 55 55 61 62 50 57 61 11 
100 
85 85 65 71 7! 
71 85 100 8J 83 
71 65 100 83 8l 
57 71 83 83 100 
57 11 83 83 100. 
)>.. 
:g 
~ 
~ 
><· 
t'l"J 
a459 
a458 
a477 
a624b 
a602a 
a455a 
a560 
a446 
a457 
a456 
a457d 
a585a 
a449 
a599b 
a614 
a599a 
a583 
a577 
a620 
a617 
a616 
a612 
a602b 
a618 
a598 
a727 
a574 
a621 
a450 
a607 
a622 
a629d 
a610 
a566 
a615 
a456d 
a624a 
a 60S 
a609 
a455d 
a581 
a582 
a506 
a576 
a595 
a554 
Appendix E 
Thone datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids glauconite 
quarts o forams m forams micrite bryazoans corals echinoderms ostracods 
gastropods 
Sy_mbolic presentation of optimised matrix of samples 
Key to codes X = 80~100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 : = 30-39 . = 20-29 
12 
11 
2 
44 
27 
5 
13 
1 
9 
7 
10 
22 
3 
26 
35 
25 
21 
18 
40 
38 
37 
34 
28 
39 
24 
46 
16 
41 
4 
30 
42 
45 
33 
15 
36 
8 
43 
31 
32 
6 
19 
20 
29 
17 
23 
14 
--------------------------------------------------------------------------------------------
X X = X = + X + = = - = = - + - X + = = : - + + - = - = - : = - - - : - - : : : : 
X X + X X X + X X + = = = + = = + X X = = = = = = : + = = = = = : = - = - : - - -
X X + X X + X + = = = t t : = - : = t + - - t : : : : = t : : = - - : - - : : : 
= t + - + = - = = - + = = t - : : - = t = : = - - : - : : = - - : : : - : : : : : 
X X X - + t X X = = = = : = X - X X = - : - = X - - - t = - = - - = - - = ~ - - : - - : 
= X X + + + = X X + = X = + - : = = X = = = = - = = + = = = - = : = - = - : - - - : : . 
+X+= t + =X X X+= t ++=+X X+=~++'=- t- = + t = = = = =- : = =- : : : 
X + X - X = = = - - : = - : = : X = = = . - X X - + - + = - = - : = - - = - - - : - - : 
+ X + = X X X = X X + = = X + = X X X + = = + + = - X - + + + = - + = = = - = = = - - : 
= X = = = X X - X X X + + X + = = + + + = X = + = - = : = + + = = = - = = - - - = - - : 
= + = - = + X - X X = = + = = = = X + = = X = = - - + - = + + = = = = = - : = = - : : : 
-==+==+:+x= =x+===-==++-=+:=:==-++-:==-: :---: 
= = + : = X : = = t : : t : = - : : + t - + = + X = = : + + : X - - : = + = : : - = = - -
= = + = = = + - : t t X + : = = - : = : = t : : : : = : + t : X X - : = + = : : - = = - -
- t = t = + + : X X = + = = X + = = X + X = = = X : + : = X = + = = + + = - - - = -.- = = 
+==-x-+=++====x xx+=====Xx----=+==-==+=:: -==== 
- : - : - : : : : : : : - : + X - : - - + : : : + . - : : : : + - : - - : - . . : - - - -
X + : : X = t X X = = : = - : X - X X : : : X X t + + t t = X + - t = + + = = : = = = - -
t X : - X : X = X t X - : = = t = X t = = = + + - - X = + + X = = X + X t = t + + = = - -
= X + = = X X = X + + = + = X = - X + X = = X + X = X = X X + X - X + X + = + + + = = - -
= = t + - : t = + + = = + = + = - = = X = = X + + = t - = X + t - : : + : : = : : = : - -
: = - = : = = . = = = + - = X = + : = = = - - - + . + : = X = t - = = t = - - - = - - - -
- : - : - = t - : X X + + t : = = : : = = - - t : - : - + t + X = : - = + : - - : : = - -
+ = + : = : + X + : = - = : = = : X + X X - - + = X X = + + + = - X + X + = + + + = = - -
+ = = - X - + X + + = = + = = X = X + + + - + + X = = = t t X X = t = X X t = = + + + = = 
- : = - - = : - = : - t X = X X t + - X t + = : X - + - + X = X - : = t t = - - = = = + + 
: : : : - : - + - - - : : : : - . + - : : . - X : - = = - - - - -- - - - -= 
- + = - - + + - X = + = = = t - - t X X t t = X = + - t X X X X - X X X t = X X t = = - -
X : = + - X : t X : = = : : : - -= = = : + = - t - : - : = = : - : + = = - : - = = - - t 
- = t : = = = = t = = = + + = - = + t X = = + + t + = X X X + X = X + + X + + + = + + = = 
: = = = - = t - + t + = + + X = = = + X X X t + + X - X = X X X = X t X X + + + X + + = = 
= = : - = - + = + + + - = = = + = X X t + = + + X = - X = + X X = X + X X + + + X + + = = 
- = = - - = = - : = = + X X + = + + = X + + X = X X - X + X X X t + = X X X = = + X X + + 
: - : = : - = : + - X = = - - : - - - = - = - - - - : = : + : - + t : = = + X X + + 
- = - : = = = = + = = - - - = - : + X X = = = X + = = X X X X X + = X X X + X X X + + = = 
:-:: --=-=-=::: +=-=++==-+==-X=+++=-X x+=XX+==== 
- = - - - = = - = = = = = = + = - + X X + + = X X + - X + + X X X + X X X X X X X X X t + 
= - - = = = - = + + = + = + t + = = t + X + = + X X X X X + X + X X + + ! X X X X 
:-::---: -==-=-====-==+=-==+++X=+=XX = = + X X = : 
= = = + + : - - + = - = X : + + + = = X X X + = X X X X = = 
--=-=-=:::-:. =++=--+=-=x=+++==Xxx+=X X X X = = 
X X X ! : - - : = = - - - - = - : = t + : : = t + = : t = = X X + + X + X X + X X 
- - - · - : : - : - : : : : - : : + : : = : + + t X X + : X X X X X X 
- : = - = - = = = = - = = + = = : = + + + X X t = X X X X X X X 
X X X 
X X 
: - - : = - - - - - - - - = + - - - = = = + + = = + X = = = X X X X 
: - - = = - - - - - - - - = ~ - - - = = = + + = = + X = = = X X X X 
--------------------------------------------------------------------------------------------
606 
s386 
s473 
s480 
s470a 
s471 
s387 
s478 
s479 
s477 
a201 
a196 
a204 
a199 
a198 
a209 
a200 
a207 
a202 
a211 
Appendix E 
Col de Encerenaz datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids quarts o forams 
-m forams micrite microbial mu bryazoans corals echinoderms sponge spies ostracods 
gastropods 
Numeric presentation of optimised matrix of samples 
1 7 8 
------------------------------------
1 : 64 54 36 40 35 42 30 7 
5 : 64 57 42 62 60 56 37 18 
9 : 54 57 55 53 63 58 60 8 
3 : 36 42 55 50 60 54 55 10 
4 : 40 62 53 50 83 76 53 30 
2 : 35 60 63 60' 83 75 63 25 
7 : 42 56 58 54 76 75 72 33 
8 : 30 37 60 55 53 63 72 30 
6 : 7 18 8 10 30 25 33 30 
Col de Spee datafile analysed using JaccMat 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 
= = 50-59 - = 40-49 : = 30-39 . = 20-29 
------------------
s386 1 t = : - : - : 
s473 5 t = - + + = : 
s480 9 - - = = t = + 
s470a 3 = = + = = 
s471 4 - t = = X X = : 
s387 2 : t + + X X + . 
s478 ~ - = = = X X X : I 
s47S 8 : + : : + X 
s477 6 .. 
------------------
r algae g algae rudists bivalves brachiopods peloids ooids glauconite 
quarts o forams m forams micrite microbial mu bryazoans corals echinoderms 
ostracods gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 X : 70-79 + = 60-69 
Numeric presentation of optimised matrix of samples 
= = 50-59 - = 40-49 : = 30-39 . = 20-29 
5 1 7 3 2 9 4 8 6 10 
--------------------
----------------------------------------
a201 5 -==+-:::. 
5 : 40 55 50 60 42 35 36 31 26 a196 1 - - - - - - - . 
1 : . 40 55 50 45 42 58 50 50 35 a204 7 - - + X : : : : -
7 : 55 55 63 77 53 58 50 50 46 a199 3 = = + t X + : = -
3 : 50 50 63 66 71 64 35 56 43 a198 2 + - X t + + = = = 
2 : 60 45 77 66 69 61 54 53 50 a209 9 - - : X t + = + -
9 : 42 42 53 71 69 66 50 68 47 a200 4 : = = t + + = X X 
4 : 35 58 58 64 61 66 53 85 71 a207 8 . - - . - - -0 - - • - - - - -
8 : 36 50 50 35 54 50 53 57 53 a202 6 : = = = = + X = X 
6 : 31 50 50 56 53 68 85 57 73 a211 10 . : - - = - X : X 
10 : 26 35 46 43 50 47 71 53 73 
--------------------· 
Combe de Tardevant datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods pe1o1as ooids glauconite 
quarts o forams m forams micrite bryazoans corals echinoderms sponge spies 
ostracods gastropods Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 
Numeric presentation of optimised matrix of samples = = 50-59 - = 40-49 : = 30-39 . = 20-29 
1 : 66 
5 : 66 
3 : 60 76 
8 : 62 78 
4 : 62 78 
9 : 75 se 
2 : 56 71 
10 : 47 60 
7 : 40 42 
6 : 31 42 
8 
50 62 62 
76 78 78 
71 84 
71 7 3 
84 73 
62 64 75 
64 78 66 
6 4 56 78 
46 50 50 
4 5 50. 50 
75 
68 
62 
64 
75 
68 
58 
53 
53 
2 10 7 
56 47 40 
71 60 42 
64 64 46 
78 56 50 
66 78 50 
68 58 53 
60 66 
60 53 
66 53 
53 53 77 
s61 
s66 
31 s63 
42 s69 
46 s64 
·n ~v s361 
50 s62 
53 s532 
53 s68 
53 s67 
77 
607 
1 
5 
3 
8 
4 
9 
2 
10 
7 
6 
+ + t t X : - - : 
t X X X + X + - -
+ X X X + t + - -
+ X X X + X = = = 
+ X X X X + X = = 
X t + + X + : : : 
: 1. + X + + + + : 
- + t : X : + 
- - - : : : + : X 
: - - : : : : : X 
0'\ 
0 
00 
a806 
a82 5 
a805 
aSH 
a804 
a813 
a823 
a809 
a BOB 
a821 
a830 
aSH 
a810 
a801 
a818 
a713 
a811 
a802 
a831 
a812t 
a823b 
a815 
a828 
a712b 
a714a 
a7Hb 
a71lb 
a816 
a820 
aS 27 
a817 
a819 
a812 
a822 
Pointe du Midi datat'ilc analysed using JaccMat 
q algae rudists bivalves brachiopods pe!o:ds oo!ds q~!rts o fcraas 
m forams micrite bryazoans ~orais ec~1noderms gastropod; 
Numeric presentation of optimised matrix or samples 
5 23 4 22 3 11 21 1 6 19 26 12 e 1 16 31 9 2 21 2s 34 !3 2s 30 31 33 29 11 1a 21 :s 11 10 20 
5 : 
23 : 
4 : 
22 : 
3 : 
11: 
21 : 
7 : 
6 : 
19 : 
26 : 
12 : 
8 : 
1 : 
16 : 
31 : 
9 : 
2 : 
27 : 
28 : 
34: 
13 : 
25 : 
30 : 
32 : 
3 3 : 
29 : 
H: 
18 : 
24: 
15.: 
17 : 
10 : 
20 : 
-------------------------------------------------------------------------------------------------------- ·-------------------------------
100 
100 
91 91 
91 91 
91 91 
91 91 
83 83 
92 92 
83 83 
8( 84 
75 75 
7 5 15 
66 66 
7 6 7 6 
66 66 
69 69 
69 69 
58 58 
50 50 
53 53 
53 53 
46 4 6 
38 38 
4 2 42 
(6 46 
30 30 
35 35 
30 30 
38 38 
30 JO 
30 JO 
30 JO 
30 30 
30 30 
91 91 91 91 83 92 
91 91 91 91 83 92 
83 83 83 90 54 
83 83 90 84 
83 75 84 
15 84 
76 
83 
83 83 
83 83 
90 90 
8 4 84 
83 
7 5 7 5 
e3 84 
83 84 
15 91 
15 H 
75 16 
9G 76 
6 6 83 
15 75 
75 75 
81 81 
81 66 
81 66 
66 81 
so 72 
66 76 66 
66 76 66 
72 69 58 
58 69 72 
58 83 58 
58 83 72 
63 61 63 
61 84 61 
63 15 eo 
69 69 
69 6 9 
7 5 61 
61 7 5 
61 61 
7 5 7 5 
66 66 
16 76 
66 66 
63 69 
58 58 
90 58 
63 50 
7 5 75 
5o ao 
7 5 7 5 
91 7 6 
81 81 
81 66 
7 2 58 
69 69 
58 7 2 
i5 61 
61 75 
63 63 
H 54 
58 58 
58 58 
50 50 
41 41 
(6 35 
38 50 
23 33 
38 38 
33 33 
30 41 
33 33 
3 3 3 3 
33 33 
3 3 33 
33 33 
84 84 76 
15 90 66 
76 76 83 
81 66 90 
66 81. 12 
58 58 6 3 
83 83 61 
58 12 63 
6! 15 66 
61 75 66 
63 63 70 
54 54 45 
sa Ja 6 3 
4 6 58 6 3 
50 50 54 
41 41 45 
46 46 38 
50 50 41 
33 33 25 
38 38 41 
33 33 36 
(1 41 33 
33 33 36 
33 33 36 
33 33 36 
33 33 36 
33 33 36 
16 
76 92 69 
69 58 
92 69 
69 
72 
69 55 75 
69 12 
15 75 66 7S 53 
63 54 66 54 
10 65 54 
46 60 
58 
75 ~j 
61 53 
84 7 5 
61 eo 
76 66 
76 66 
53 54 
46 l5 
61 50 
61 63 
53 54 
4 6 4 5 
50 50 
53 54 
38 36 
42 41 
38 j6 
46 4 5 
38 36 
38 36 
38 36 
38 36 
38 3E 
66 54 70 
7E 66 66 46 
53 54 54 60 58 
83 53 90 63 75 50 66 
69 58 58 50 75 80 66 
58 77 60 50 53 66 54 70 
33 50 50 40 54 55 45 60 
66 70 10 45 12 45 80 63 
66 54 70 60 58 60 80 63 
58 60 45 36 63 50 54 54 
50 50 36 21 54 40 {5 45 
53 41 54 60 58 45 63 50 
46 45 45 50 63 66 54 70 
30 21 27 30 45 44 36 50 
46 45 45 50 50 50 54 54 
41 40 40 30 45 30 50 36 
38 36 36 40 54 55 45 60 
41 40 40 44 45 44 50 50 
41 40 40 44 45 44 50 50 
41 40 40 44 45 44 50 50 
41 40 40 44 45 44 50 50 
41 40 40 44 45 44 50 50 
58 50 53 53 46 38 42 46 30 35 30 38 30 30 30 30 30 
58 50 53 53 46 35 42 46 30 35 30 38 30 30 30 30 30 
63 41 58 58 50 41 46 38 23 38 33 30 33 33 33 33 33 
63 54 58 58 50 H 35 50 33 38 33 41 33 33 33 33 33 
63 54 53 46 50 H 46 50 33 38 33 41 33 33 33 33 33 
63 54 58 53 50 41 46 50 33 38 33 41 33 33 33 33 33 
70 45 63 63 54 45 38 41 25 H 36 33 36 36 36 36 36 
53 46 61 61 53 46 :o 53 38 42 Je H 38 38 38 38 32 
54 45 50 63 54 45 :o 54 36 q 36 45 36 H 35 ~5 36 
58 38 56 66 53 50 53 46 30 40 4~ 38 c 4! 4! 4l c 
11 so 10 54 60 50 n 45 21 ;5 10 36 40 10 ~o 10 40 
60 50 70 70 45 35 54 45 21 45 40 35 \0 40 40 40 4C 
50 40 45 60 36 27 60 50 JO 50 30 40 44 44 44 44 41 
63 54 12 58 63 54 58 63 15 50 45 54 45 45 45 45 45 
66 55 45 CO 5'; 40 45 66 H 50 30 5~ 44 44 H H H 
54 o 8e :0 ); ;s 63 54 36 54 50 45 5o so 50 50 ~o 
7 0 o 0 6 3 E 3 5; 4 5 5 G 7 0 50 54 3 6 6 0 50 50 50 50 50 
62 
66 55 
5< 66 50 55 44 5J 55 33 55 33 (( 50 50 50 50 5C 
55 40 30 2G 40 62 57 H 22 50 37 37 37 31 37 
?i 66 55 60 66 44 66 62 55 52 62 62 62 52 
so 55 60 66 <4 66 62 55 62 62 62 62 62 
85 50 55 33 55 11 62 11 71 1! 71 71 
40 H 22 44 83 50 51 51 57 57 57 
66 44 31 44 55 62 62 62 62 62 
71 15 50 85 71 71 71 71 71 
50 25 57 42 42 42 ~~ 42 
50 40 77 
55 30 66 66 
44 20 55 55 85 
50 40 60 60 50 40 
55 62 66 66 55 44 66 
33 51 44 44 33 22 (( 71 
55 44 66 66 55 44 87 75 50 
33 22 62 62 71 83 44 50 25 
44 50 55 55 62 50 55 85 57 
50 37 62 62 71 57 62 7! 42 
50 37 62 62 11 57 ~2 71 42 
50 37 62 52 11 57 62 11 42 
50 37 62 62 71 57 62 7i 42 
50 j) 62 62 11 57 62 71 42 
50 62 71 71 71 71 71 
50 57 66 66 66 66 66 
62 57 83 83 83 83 83 
11 66 83 100 100 100 100 
71 66 83 100 100 100 100 
71 6E 83 100 100 100 100 
?1 66 83 100 100 100 100 
11 66 83 100 100 100 100 
::t:. 
~ 
~ 
::r 
t:l.. ~· 
~ 
a806 
a825 
a805 
a824 
a804 
a813 
a823 
a809 
a808 
a821 
a830 
a814 
a810 
a801 
a818 
a713 
a811 
a802 
a831 
a812t 
a823b 
a815 
a828 
a712b 
a714a 
a714b 
a711b 
a816 
a820 
a827 
a817 
a819 
a812 
a822 
Appendix E 
Pointe du Midi datafile analysed using JaccMat 
g algae rudists bivalves brachiopods peloids ooids quarts· o forams 
m forams micrite bryazoans corals echinoderms gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 80-100 x = 70-79 + = 60-69 = = 50-59 - = 40-49 : = 30-39 . = 20-29 
23 
4 
22 
3 
11 
21 
7 
6 
19 
26 
12 
8 
1 
16 
31 
9 
2 
27 
28 
34 
13 
25 
30 
32 
33 
29 
14 
18 
24 
15 
17 
10 
20 
--------------------------------------------------------------------
X X X X X X X X X X x + X + + + = = = = - : - - : 
X X X X X X X X X X x + x + + + = = = = - : - - : 
X X X X X X X x X X X x + = x + + - = = = - - : . 
XXX XXXXxxX+=+X+X+==~=-:=: ·-· 
X X X X X x X X X X + = X : + t + : : - : - - : : 
XXXXX xXXx+X=Xxxx+====--=: :-: 
X X X X X X X + X X X + + + + + X - + + : - : - . - : : : 
X X X X X X x X X + + + X + X X = - + + = - = = : - : - : 
XXxxxX+X +=X+XX++=-=+=-==:-:-:: .. 
X X X X X X X X + X X t X : X + = : + + : : : - : - - : - - - - -
X X X X X + X + : X + : + : = : X : X : + : - - . - - : - - - - -
X X X t + X X + X X + X + = X : + = X X - : = - . - - : - - - - -
+ + X = : : + + t t : X - t + = : - - t : . + : : = : - - - - - -
X X + + X X + X X X + + - = X X + : X : + : : + - : - : - - - - -
+ + : X = X + + X : : : + = : X + : - + : - - + - = : = - - - - -
+ + X + + X + X + X : X + X = + = - X X = - + : : : = - : = : = = 
t + + X + X + X t t : = = X X + X + + t : - : X : = : + : = = = = 
= : t + + t X = = = X t = t t = X + t = : - = : : = : - = = : = : 
: = - : : = - - - : = : - : = - + + : - : . - + : - . : : : : : : 
= = = = : : + + = + X X - X - X + + : X + : + + - + + = + + + t + 
: : = = - = + + + + = X + = t X t : - X + = + + - + + = + + + + + 
- - = = = = = = : = + - : + = : : : : + + X = : : = X + X X X X X 
::-------==:.=----.==X --.-X====== 
- - - : - - : = = = - = + = - + = = - t + = - t - X - = t t + t + 
- - : = = = - = = - - - = + + : X = t + + = - + X X : X X X X X X 
: . : : : . . : - - : = : : - - : . - X = = - - - - -
: : : : - - - - - - = : = = : : - t + : - X X = = + X X X X X 
: : : : : : : - - - : - : : : : . + + X X - : . : : + + + + + 
: - - - : - - : : : - = = - + - = = = + = = X = + = X X X X X 
: - - - - - - : = = : + + X : + X - X + X X X X X 
: - - - - - - = = = : + + X = + X - X + X X X X X 
: - - - - - - = = = : + + X = + X - X + X X X X X 
: - - - - - - : = = : + + X : + X - X + X X X X X 
: - - - - - - : = : : + + X = + X - X t X X X X X 
--------------------------------------------------------------------
609 
Appendix F 
Optimized Matrices of Jaccard Similarity Coefficients 
Between Samples for 
Combined Data Files 
Calculated using JaccMat 
List of combined data file sample matrices 
Matrices are represented in both numeric and symbolic forms 
Combined Megabreccia Data File* 
(Combines all samples from the Aravis Megabreccia Horizons) 
(*Numeric matrix included as a loose leaf) 
Upper Megabreccia Data File 
(Combines all samples from the Upper Aravis Megabreccia Horizon) 
Lower Megabreccia Data File 
(Combines all samples from the Lower Aravis Mega Breccia Horizon) 
Platform Data File* 
(Compares samples from the most complete logs of the platform succession by combining Combe de 
Bella Cha, Combe north of Pointe Percee, Pic de Jallouvre and La Clusaz, Cluze and Petit Bomand road 
section data sets) 
(*Numeric matrix included in two parts as loose leafs. Symbolic matrix included as loose leaf) 
Top Data File* 
(Compares samples from the upper platform succession by combining Les Combes, Col du Spee, Combe 
de Ia Grande Forclaz and Le Creuse data sets) 
(*Numeric matrix included as a loose leaf) 
Bottom Data File* 
(Compares samples from the lower platform succession by combining Col des Aravis, Col de Landron, 
Combe de Grand Cret, Combe de Tardevant, Combe de Ia Torchere, Combe de Paccaly and Roc des 
Tours data sets) 
(*Numeric and Symbolic matrices included as loose leafs) 
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Platform Data File 
1 La Clusaz Road Section 
2 Cluze Road Section 
8 Combe de Bella Cha 
12 Combe north of Pointe Percee 
16 Petit Bornand Road Section 
17 Pic Jallouvre 
Top Data File 
3 Les Combes 
7 Col du Spee 
10 Combe de Ia Grande Forclaz 
15 Le Creuse 
Bottom Data File 
4 Col des Aravis 
6 Col de Landron 
9 Combe de Grand Crct 
11 Combe de Paccaly 
13 Combe de Tardevant 
14 Combe de Ia Torchere 
20 Roc des Tours 
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Top datafile analysed using JaccMat 
r algae g algae rudists bivalves brachiopods peloids ooids glauconite 
quarts o forams m forams micrite 1icrobial mu bryazoans corals echincderms 
sponge spi es ostracods gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X= BD-100 I: 10-79 t = 60-69 = 50 -59 - = 4D-49 : = JH9 . : 20-29 
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Appendix F 
Lower Megabreccia dataCile analysed using JaccMat 
r algae g algae rudists ~ivalves brach io pods pelo ids ooids glauconite 
quarts o forams 1 fora1s micrite bryatoans corals echinoderms sponge spies 
ostracods gastropods 
Numeric presentation of optimised matrix of samples 
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X I x X X X 
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X X X X 
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616 
s89 
s35 
s673a 
s15 
s136 
a1052 
sl 
s137 
s756 
sH 
s31 
s66 
s6 i 
s672 
s6~ 
s!6i 
s63 
s69 7 
s36 
al 050 
s632b 
s532 
slO 
s6J5 
s3S 
s36 1 
s636 
sm 
al04 6 
s6 
s62 
s700 
s633 
s67ua 
seoo 
a!~:~ 
sm 
s569a 
s6 30 
s723b 
s631a 
sl2 
alO!~ 
s3U 
sll8 
s 72b 
sm 
s719 
s i6~ 
s720 
s696 
a1045 
s77 
s29 
sm 
s78 
sll: 
sll6 
s864 
s172 
s111 
s6Jlb 
s37 
s762c 
s631a 
sl 
s761 
s84 
sll7 
sm 
sm 
sma 
s767a 
<7~ih 
s862 
slOOb 
sa 
sH 
s73 
s718b 
slll 
s96 
s112 
s120 
s68 
s92 
s752 
s!H 
s79 
s91 
s9 
s76 
sm 
s98 
s2 
s72a 
~15 
s97 
s90 
Combined Mega breccia datafile analysed using JaccMat 
t"algae- falqae rua1sts DlVaHes-·firacbiopods peloids -ilbi4$ glauconite 
quarts o forams m forams micrite bryazoans corals echinoderms sponge spies 
ostracods gastropods 
Symbolic presentation of optimised matrix of samples 
Key to codes X = 8Q-100 I = 70-79 + = 60-69 = = 50-59 - = 4H9 : = 30-39 . = 20-29 
39 
51 
78 
73 
69 
63 
67 
70 
79 
~0 
68 
H 
42 
11 
45 
i4 
44 
il 
54 
62 
2D 
!9 
66 
21 
~ 8 
22 
!1 
£C 
9 
c 
i3 
ie 
76 
3! 
:0 
. v 
40 
75 
• Q 
:£ 
81 
4 
56 
26 
57 
12 
59 
86 
10 
87 
93 
94 
iOO 
3 
2 
72 
17 
52 
25 
15 
8 
H 
38 
95 
97 
99 
27 
29 
•o 
98 
·28 
H 
83 
32 
55 
91 
33 
92 
37 
H 
32 
23 
5 
88 
90 
65 
85 
36 
35 
7 
80 
84 
H 
89 
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5 46 5 l 0 5 6 5 6 66 2 665855 
5 
65 
66 
5I 
66 6 5 
8 56 
5 
4 
5 62 
10 4 
50 68 sa 
60 58 58 
6 52 
8 8 
53 3 5 
69 66 56 
5 56 56 
30 12 33 
59 56 55 
66 5 5 
65 61 5 85 
8! 80 80 8 
8 so ao a 
a 80 so 8 
a 8 80 8 
81 8D so a 
8 
10 6 0 
68 8 
1 58 6 
5 92 9 
61 6 
00 
00 
8 8 
58 8 
5 
50 
50 0 
5 6 
8 8 
5 
so 80 
3 
3 
6 I 50 9 6 l 92 2 92 60 
53 69 30 59 56 66 8 84 8! 84 53 
53 9 6 5 69 66 55 5 
53 5 6 12 56 61 6! 80 80 80 80 62 58 
s 66 33 66 s a ao s~ so s2 8 
6 61 so 9 6 as 8 a a a 92 
8 so 
5 60 
60 
6 
8 
66 
a 
8 
36 4 
66 59 
6 55 
6! 6 5 
59 a 
58 8 
9 a 
sa a 
92 9 8! 
, ; sa so s s s 1 s 
16 81 5 so 3 8 
16 a1 s a 3 3 8 
86 8888 8 
12 a 01 s s2 s 52 
36 66 6 61 6 69 6 
! 69 66 66 81 84 81 81 5 
1 59 s a s3 
51 0 !2 16 46 !6 5 16 50 16 
5! 65 a 8 6 a1 s a 6 8 
so 6 5 6! 69 69 69 69 58 5 6 
I 8 6 80 8 80 so 80 
16 81 59 80 
!6 81 6 80 00 
16 81 59 ao oo 
16 8 80 DO 
45 a1 69 ao oo 
00 00 00 00 5 
00 ~0 0~ 60 
00 00 55 
00 6 5 
65 
00 
00 ~0 
6 6 a 59 81 
5 5 5 6 
0 68 6 
68 56 68 50 5 l 
58 55 68 6 l 
9 s a 59 61 
3 5 5 6 5 
8 a 8 3 o 66 
as 8 a 3 60 66 
9 668 5I 
8055663~ 6685 
68 65 69 8 5 
59 69 a a3 9 
5 50 6 
!6 !6 51 6 I SO 
84 8! a 59 5 
9 6 69 6 69 so 5 
a2 a ao 
as ss 9 2 2 
8 8 5 92 
as as 92 
a 8 s 92 
a 85 9 
61 
6 
6 
6 
64 
5 
68 
so 5 6 
51 
5I 
61 
3 56 5 60 56 50 53 6 52 52 
3 
8 
85 
85 
85 
5 6 I 50 61 6 3 65 66 5 66 8 a 
9 
6 5 69 
6 5 69 
6 5 69 
59 6 5 
8 6 6 6 
a 5 l5 
59 6! 5 
8 8 
5 6 8 
69 
69 
59 
69 
58 
66 
65 
0 0 
69 5I 
8 6 
a 5 
59 55 61 
5 
2 
l 
60 
60 
60 
6~ 
50 
55 61 
6 
L 
3 3 8 3 
3 
l 
a 3 
a 1 
6 81 6 3 3 8 3 
6 83 59 5 60 61 60 
5 83 68 5 60 I 60 
6! 50 5 52 8 l 
85 55 4586 
6 5 58 50 60 60 5I 60 
69 5 1 s a 65 81 a 
69 5 1 s 8 65 81 a 
69 6 61 s 8 65 a a 
69 5I 5I 5 a 66 01 a 
69 6 4 s 8 66 a a 
66 5 65 6 6 61 
54 60 53 62 a 3 
8 5 6 53 5 59 6 
68 5 6 5 
5 69 l 6 6 
0 0 9 0 0 0 
a 60 sa 68 2 
8 50 68 68 2 
a 60 58 68 9 
6 a 
2 6 
2 E 
5 a 
5 
58 5! 
84 
6 84 
50 84 
6 84 
55 81 
a s 
5 8 
5 E S 
2 6 
2 6 
2 8 
68 68 92 
56 56 9 
6 56 9 
58 68 8 
6 0 60 
6 6 55 
3 
3 
3 
3 
J 
60 
80 68 
6 6 0 60 
69 69 66 56 
6! 9 66 66 
0 9 
as 
8! 
8! 
l 
6 
60 
65 
56 
6 5 66 
65 
5 56 
6 
5 6 2 
61 6! 
I 
9 80 16 a 6 92 85 as ss as a 
92 a 6S 
92 ao 69 
16 84 69 92 85 
16 a1 59 s2 as 
as 85 85 8 
as s 85 8 0 
9 2 80 
6 55 
6 56 
8 so 
69 
6 
8 
8 
8 
8 
8 
15 al 69 
69 5 51 83 66 
68 5 ! 83 66 
81 60 16 69 
5 I 5 90 
83 I 59 65 
as a5 85 85 85 a oo oo oo 
a 8 
5 6 
a5 8 a 5 
5 6 
6 81 8 81 
o 81 I 84 
8 8 I 85 
69 6 6 6 
6 
9 so 6 s sz n 92 92 92 8 a 
9 o s 9 92 92 a a 
s 9 6 so 6 s 2 n 92 92 92 a 8 
5 9 so 5 5 92 92 92 2 92 8 8 
s 9 so 6 s 92 92 92 a 8 
2 60 9~ 2 6 6 6 6 5 
80 69 8 o !6 69 a 8 85 as a as 5 3 3 
so 5 5 !5 5 2 6 6 6 5 5 6 5 
s 8 e 59 51 83 a1 a 81 a1 a a1 a1 81 a 
a a 8 69 s 83 et 8 8 81 8 81 8 6 84 84 
s 5 9 8 
oo as a a 8 
oo as 9 a a 
DO 85 a 8 a 
8 
8 
8 
a 
a 
6 
J 
6 
81 
84 
81 81 
00 
9 
a 6 a 8 8 
81 5 69 6 6 5 
3 5 69 6 6 
9 2 9 9 2 
s a aa 8 
6 
9 2 a 
9 a 
92 a 
S2 8 
928 
6 a 
6 
6 
6 
6 
6 
as a 1 
6 8 5 
8! 90 8 
8! 90 83 
DO 00 
0~ 
53 13 53 50 so 0 
58 16 a 53 
5 6 6 9 0 
5 56 5 51 5I 0 
8 !5 58 
s 66 6 9 
53 5 
61 5I a 
60 6 
5 
6 
6 
60 50 
5 
6 56 
68 58 
5 58 
69 9 0 
69 59 0 
69 5 0 
6 9 59 0 
5 s 
65 6 5 
5 0 
66 66 0 
66 6 0 
5 66 55 
69 56 5 61 61 8 
6 6! 53 6 6 0 
8 6 
6 9 ~ 
6 90 
a 
a 
a 
83 
83 
8 
6 
6 56 5 5 0 
61 8 5 0 
60 59 9 
6 9 0 
53 6 0 
6! 
52 61 
8 59 
0 
0 
3 6 
6 63 
a s 
5 
ao o 
60 
55 59 
66 
61 
61 
69 
90 
5 
5 
II 
5 
2 
6 
6 
6 
5 
6 
59 
6 
5 
6 
2 2 
6 8 
58 0 
6 9 l 
66 
66 
6 8 
6 8 
a 
8 
a 
69 
51 
83 
a 
8 
8 
8 
a 
a 
8 
6 6 
8 
81 
8 
81 II 
a 83 
5 83 83 s 
6 81 81 
a 90 9~ o 
aJ a 
8 9 9 8 
a 9 9 a 
a 3 9 9 8 
8 9 9 a 
8 9 9 a 
8 so 90 0 
6 84 8 
s a 6 90 90 0 
so 8 so 0 9 
9 90 81 90 00 9 
8 0 0 9 


,go 
s 121 
s169 
s 166 
s Ill 
s111 
'112 
s91 
s118 
8176 
'Il l 
sl 
si ll 
s9 
sl J4 
s11a 
s801 
s16 
sl19 
s 18 0 
s91 
s1 l 
s8 1 
s7j2 
s19 
s6 J8b 
s9l 
" ' Sil l 
s9~ 
s98 
' 111 
s68 
silO 
s96 
s 119 
s I J 2a 
s I JJ 
s61 
sIll b 
s118b 
sl J 
s5J 
s8 
sH 
s161b 
siil 
s166b 
al68 
sB 
aH 
al 11 
s116a 
s161o 
s40 
sl 
s861 
s86l 
a402 
sS 2 
a 81 
a406 
a40l 
al88 
s199 
sll 
S161 B 
s1" 1 
sIll 
a4 00 
s8 4 
S161 
s41 
8168 
s6ll1 
sl 
ibllb 
s 161 
s80J 
s 11 
sIll 
s 56 
s 112 
s 116 
sll l 
s864 
sill 
a4 0J 
s6 4 
s18 
s 124 
sl 8 
sm 
s110 
s11 
s119 
a401a 
s4 
s11b 
s12 0 
S16l 
a!04l 
a40lo 
al69 
sll 
al8 1 
silO 
a416 
a41l 
sill 
s 10 
'29 
s 118 
s 118 
s 12Jb 
s60 
s 4 B 
s6llb 
&lll 
sBOO 
sll 
al049 
s 41 
aJ89 
s6JO 
oiOB 
aW 
a407 
8 618< 
a408 
alil 
a lOll 
s4l 
a419 
s61 
a4 14 
s636 
a!OH 
al76 
al1l 
s6 
s 18 
sib 
,jj 
sl61 
s16l 
al86 
al 8l 
sl19 
s6 JJ 
s J 3 
'l l 
"J l 
8 Ill 
s 164 
510 
8 161 
sl6 2 
s!l 
sllJ 
869 
s6Jlb 
aiOlO 
s11 
s 161 
,so a 
s49 
alii 
sl6 
am 
a424 
s 61 
s 64 
m 
s ll 
slOb 
s 126 
s61 
a418 
s66 
s 111 
s128 
5156 
a411 
,)4 
sH 
s I J1 
s I 
a liD 
s 45 
oiOll 
sll 
am 
sll6 
sB9 
Bottom datafile analysed usmg JaccMat 
r algae g algae rudtsts btvalJes bracntopoas peicJds OOIOS glauconite 
quarts o fo rams m forams mJCfl te mJcrobul mu bryazca ns corals ec~tnoderus 
svonle scJcs ost racods gastropods 
Symboilc presentatiOn of optimised rnatnx of samples 
Key to cooes X 80 - IUO 1 - 10-B - 60 69 l0 -59 4H9 ' 10- H ' 2 0 29 
II 
11 
126 
121 
I 00 
Ill 
ll 
10 
I 38 
I ll 
15 
11 
J 1 
JB 
99 
1 
169 
6 
19 
Ill 
16 
l 
I 0 
159 
9 
151 
18 
11 1 
22 
17 
11 
ll 
I 09 
lO 
19 
136 
96 
98 
I 08 
91 
139 
J 
190 
11 
4 
114 
ll 
Ill 
ll 
176 
19 1 
39 
165 
166 
117 
11 
ll 
ll 
ll 
II 
47 
56 
55 
48 
161 
81 
16) 
95 
11 
50 
I J 
162 
118 
125 
Ill 
15 
111 
124 
I JO 
116 
128 
192 
129 
16 
160 
)6 
24 
l4 
156 
B 
BB 
IH 
115 
111 
1 
140 
ll 
J 4 
2 
141 
164 
141 
ll 
J 8 
1!0 
4J 
9! 
61 
63 
!10 
85 
8 4 
18 
Ill 
14l 
195 
185 
Ill 
40 
168 
191 
146 
184 
49 
!51 
14 3 
61 
51 
ISO 
58 
44 
149 
119 
o6 
I 01 
62 
15 B 
145 
41 
41 
16 
8) 
18 J 
80 
Il l 
122 
46 
45 
91 
!55 
111 
189 
151 
89 
Ill 
19 
118 
119 
11 
111 
110 
112 
141 
82 
120 
181 
186 
60 
115 
69 
10 
!Ol 
I 06 
81 
86 
188 
90 
101 
o5 
I 01 
91 
92 
161 
68 
II l 
181 
102 
11 
59 
182 
148 
114 
61 
I 0 I 
14 
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